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N 2 " - .. FOREWORD

Tﬁlé final report, ptepatea By Martin Harietta Denver Acrospace, provides
the techni{cal results of the Spacc Statlon Automation Study. The report is -

e'submicted in two volumes._
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[N

Volume 2 - chhnical chott
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Station Automation Study,” for the George C. Marshall Space Flight Center of

_the National Acronautica and Space Administrntion.‘ . . o
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1.0 INTRODUCTION--

Caa BACKGROUND -

) fTheTSpace’Station‘coucept currently concelved encompasses both manned -
'.'and unwanned‘operétiona. A crew of slx to eight flight peroonnel will

] ;i'be employed in various tasks vhere’ past experience indicates a strong-

‘need for human presence. Many of the activities projected can be char—rr’

racterized as ones that can be programmed in advanced and afe better )

~§:- auited for automated systema.

e

is the tradeoff of a total autonomous system versus a highly human
activity intenoive oyatem. - TWO major issgues within this controversy -

*”ﬂ are? . 1) does the incorporation of automation significantly reduce the ;’

- ] cast of thousando -on the ground; and 2) doea technology availability )
push or miseion requirements drive the autonoay technology? Many ap- -

proachea are- available to address-these- issues; however, a better

:“It>is apparent'that future space nystems will be required to remainil
operational for 207 years and longer. Over this 1ife cycle, 1t will be
required to adapt to constantly evolving ‘and challenging requirements.

A\‘.‘;" “

a forn of . long-range planning through futuristic forecasting. Long—~'
range planning 15 a keystone to providing flexibility, productivity,

: and life cycle cost improvements.,f«'

. Artimely issueris how to project the future nissions and define which
of the associated'operational functions would be better satlsfied by

T1-1c

:The‘applicdtion'of automation to Space Station is a topic of great'cur;‘i
rent intereat and’ controversy. At thc extreme ends of this controversy

:I understanding in required of future goals, interactions, and impacts.,""

" Both aystems and oubsyatem" ‘need to. deal with this- reality in the best.

posoible way. One method uged successfully on prior prograns is to use"

L S

" —— v o
f T
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' 'uutomating a few or many of the subsystems. This future insight pro-

, D ' MCR 84-1878 - -~ -
o o ) o - November’ 1984 i ) .

vides the capability to build in or "scar” the Initial Operational
Capability (I0C) Space Station for later adaptation to evolving )
technology.v~ji« . o S - . N - i

S

| The challenge 18 to define a Spaée Station that combines the proper . e

iA dynamic mix of man and machine over an extended period of tinz, while;.

' ‘retaining a hig h degree of backup capability. 7

1.2

:The initial etep—taken by NASA in organizing the SSAS was to form and’

. PURPOSE

.. GENERAL STUDY APPROACH -

The purpose’of’the Space Station Automation Study (SSAS) was to develop -
>‘informed technical ‘guidance for NASA personnel in the use of autonomy

" and autonomous systems to implement Space Station functions. .

- R S S
ST ~f,£,v)“
convene a panel (Figure 1.3-1) of recognizcd expert technologi°ts in -

automation, space sciences, and aerospace engineering to produce a .
Space Station autonation plan,

As’ indicated on -this. schematic, California Space Institute (CSI) was f

Do assigned the responsibility for study managerent. A Senlor 7echnical

- A NASA Technology_Team was convened tofproduce focused technology'fore-;f )

'

: Research Institute (SRI) International was . agsigned to this team, .

. all technical guidance.

i e e e

Committee, chaired by Dr. Robert Frosch, was appointed to provide over—-"-

casts, supportingdpannl_analyses, and system concept designs. Stanford -

N,
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A NASA Design Team wag also convened to produee innovative,. tech- i ’
nologically-advanced automation concepts and systen desligns supporting . - i
. h and expressing panel analyoes. The emphasis of this effort was to ‘2
strengthen NASA understanding of praetieal autonomy and autonomous sys- . § -
tems. Four aeroapace contractors--General Electric (GE), Hughes Air- ° ‘
craft Company (HAC), TRY, ‘and Marcin Marietta Corporacion (MMC, Denve[ é "
; e Divtsion Aerospaee)-—were assigned to this team. Halfway through the - ;
‘-t-study, ‘a fL1fth’ contractor, Boeing Aerospace Company (BAC) was also i~
signed to -this team. i - - \
: - P
) A ‘work breakdown for ‘the original four contractors was assigned as - S l
) 'showo in Figure 1.3-2. The fifth contract:or, BAC, was assigned to in- s i
. 'i
vestigate and report on pan-machlne interfaces. :
; !
i
}
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1.4.1 :Mﬂc Objectives

be

-

STUDY OBJECTIVES, GUIDELINES AND APPROACH

Martin ﬂarietta 8 part in this
covered two spncific and significant areas relating to projection of a_

\ _ . <
i M |
: R * MCR 84-1878 -
e - November 1584
CONCEPT -
DESIGNS .
B | - Y L) o -
C T { I 1 kL
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. U reposrs REPOATS
o I A ST . -
-Figure 1.3-2 SSAS Work Breakdown Structure’
1.4

The fir t phase of the Space Station Au oéation Study was conducted
ovcr»a period'of-four aonths, .

tudy

”futuriatic Space Station and the type of rcarring neceaaary for

evolutionary implementation.

rarc. IR

1)f

‘The two basic objectives of this effort

. Define through analysic the potential ultioate design of thc Spacc C-
: Station systems to. the. highest level of automation that can be per—

cefved to be accomplished by ecirca 2000. Specifically, this in-

+ volved the overall systen and selected subsystezs (environmental

| anagemcn*)

14

" control and 1ife support, electrical power and inform

zation and data

.

o e e

b
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2) Deflne through analyeia the systen-level applications of automation

.é»technolbgy fqtiepnstrectiou, reﬁair, qnd nodification of a Space',g :’

“{ Station and ita various elements, - -~ -~

e The'uyaien adtoﬁat{on'uaa eOneebtualived at circa 2000, then backed

toward the 10¢ gpace aLation. Canvernely, the- aaaembly and conacruc—

- tion technolosiea vere built on IOC reference concepts, then extended

1.4.2

_cﬁideliﬁea -

from IOC to circa 2000

v

g Tﬁe geidelieeéiuaee fo‘bohndAchie:utudy are 1ihted beiow: 

“i

1) Ha:iuu: use was to be nade of telated governnent-sponsored space

,' automation atudiea.,

2) The aseociated lead tice needed to prepere the technology base and

to perform the necessary advanced dcvelopment activitiea was esti—"

nated to bn 4. to 5 years.

3) In addition to the "Manned Haneuverin~ Unit (HYU) and Retote Manipu- .

lato: Systea (RMS), an Orbital Haneuvering Vehicle (OMV) and oOr-
bitel trensfnr Vehicle (0TV) will be available to aupport orbital

L P SN

o construction and essenbly operationu.

AT -

A 4) The Space Station miasion requiremeuts identified by NASA/LARC,

!

;5) A bowér toder‘cgecept with gravity gradient stabilization would be .

dated 7 Jupe 84, would be uaed ‘as a representative aission model

S vhere practical. -

_used as a Space Station configuration focus.

og; and its projeeted evolutionary growth out through the year

beyoud.

D15

L”he enphasis of these guidelines was on the role of automation Cechnol- -
2000 and

. N .
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3.

Automatiou, 3) Assessaent of Automation, 4) Identification of Automa-- :' - g

» Figure 1.4, 3-1 Bhows the MMC study task flow broken down into five main ;
thrusts for the assigned areas of responsibility: 1) Suzmary of Space B SR
B Stntion 2000 (plus) Tasks and Activities, 2) Perceived Highest Level of

C S0 . MR 84-1878 - .
N ' ' ) - HNovember 1984 - ‘_;‘)

}mc Study Approach

tion Needs and Time Plans, and 5) Presentation, Reports and Sustaining -

Engineering. .
Frmmm—mme— e ————— e R P T L P L eI E Y oo m——- mpemmem e
v TASC ) 1 1ase 2 ,II" s 3 ¢ 1Ak a §o1ask s b
o 2 H :; - ‘,: ': i " 1
' - . s e Y - - H -
# i ]
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I - " o) + [} -
58 2007 $1 M3 FOR e SUSSYS 8 ] AvtMation P \
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o F:gure 1.4.3-1 Approach to Space Smtwu Automation Sn.'dy

. A apecial feature of this flow is the parallel focus of tbe Space Sta-

v

- timely manner. D S — s

.tion subsystem automation and the gpace construction automation., The

tasks were designed and organi..ed to neet. the study objeetivea in a

Figure 1.4, 3-2 shows the study schedule, starting in July, with the

uajor effort being coupleted in mid hovember. It reptesente the con—

’ siderable overlapping required of the four major tasl's. “The fifth

g i bt el e =

.task, as shown, covers presentations and documentation and information
- transfer withh NASA, Stanford Research’ Institute (SRI), and California

Space Inatitute (CSI). As shown, the major portion of this effort was
conpleted in four months. During this four-month period, four Techni-;

cal Interchange Meetings (TIMs) wzre held, with a £1fth neeting held at T "")
T NASA to present fipal reports. - - A ; : : { . e
16 :
o 4_‘_,___,____'*,__ e s = S e ey _. TR
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’T’An ahoun in the Study Flow Plan, there are £1ve major tank nreas., fhr- o
. resultg of each task effort feed into and provide the basis for the ',>
\ *following task vork By following this disciplined approach, each task’
- area ahould receive the proper emphasia and provide meaninrful results. -

The basic approach wag further ntructured in a matrix format in which
':both the automated. oyatena and conatruction/ausembly activitiea vere
. directed tkrough each of the fivc najor tasks in a parallel manner, A
é_' brief gunmary drscription of the activity covered in- conducting the '
a ‘major task(a) effort(a) io preaented below.
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MMC first conducted a review (Task l)uofvthcrﬁASA/LeRC niaaion'nodel,
‘dated 7 June 84 that included a number of onisslons out through thc

n_ year 2000, - Specific featureas looked for included the increaee or de-
:i,ereeee in nission types and number of space vehicles and any related
“‘impacts on system and subaystenm perfornenee:;routh. An acgessment wda . - -

"';aleo nade of proposed large space oyetene ldkely-for'future apece plnn-

”ning.- Rather than do an exhaustive coverage of all space construction

and aseembly nissions envinioned ‘1t was quickly determined to con-

: centrate on a set of four representative construction nigscion ncenerioe.j

Thene scenarios encompassed the more relevant aopecta of conntruction )

from a atandpoint of commonality, etandnrdization, and technology

evolvability. They alno include concepts that span a tine phnee leed--‘”

Rl

ing up to 2000 and beyond. ’

»‘TWO of the. selected reference nisgions are_identified as Technology De-ﬁﬁﬂ.,

velopment Miesionn (TDWQ), previoualy inveetigated under the NASA/MSFC
' contract KAS8-35042, to which this .Space Station automation otudy ef-
fort was added (Taek 5.3). Details of the future mission goals and the

construction reference mieeion ncenario" are preoented in Sectiona 3

3‘The next step (Task 2) in .the flow npproach vas to define top—level

'conceptn thnt featured the highest level of autouation that could be
perceived. Ueing the baseline of functlono and activities identified

) “in Task 1, the etudy tried to.identify. the highest level of eutonntion.»
"«that can be perceived for both automnted syetemo and conntruction
rltechniques.:;, o ‘

Elﬁe perception'procenn can be described as one of thought and design

:concept-eiteneion, projeetion; and foreccast. This includes going from

. - human intensive to human out of the active loop.

An important part of the perception process’ included identifying tech- »

- niques which would improve or enhance man g productivity in space. In

b

=

o e

-,
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';were cxanined acd a time-phased need plan developed.

‘ objectives.‘

o
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. addition,—the approach must encompass the maxirum ptnctical degree of

automation in operationa, construction, activation, nonitor and con~
trol fault detection, fault 1solation, and fault remedy.

Initbe,faok 3'aporocch ‘the impact of technology on eutomatioh applica-,;
Using concepts developed in Task 2, the study ana-»r

tions was analyzed..
lyzed automation functions as they applied to various types of opcrator*
controllera, i.c., facility bufldup, product fabrication, informat#on

haddling, and eduipmedt naintainers. Much of the technology informa-

_tion developed for this task was based on 2 number of different sources

tion supplied by SRI International ‘and current literature on advanced )

automation. T

.Vériouo 1evela of autoration were coepared with current state~of-the-
art acd a projected 100 configuration. Projection techniques for - "
oelcctcd time alicea were applied against the near-tern product devel- = -~

opm at and ererging nutomation technology to identify gcpa voida, or

deficiencics in the projected technology.;"

-

tion of hardwere and software elements in such a mamner as to- facili—

tate technology 1np1ementation or developzent,
The plan shows

the\time at which levein of automation should be increased, or made

available, to auppo*t the long—range Space Station missions and

: A £1fth task was generated and maintained to track and.document study -
This task also provides for the

reports, handoutc, and- preaentationa.
ouutaining engineering needed to communicate with NASA, Stanford Re--

7 search Institute and Californie Space Institute during thc aecond
phase. The major outputa of thia otudy are: -

:1)7 Oticntation Heeting r»Preaentation on study,dpptoach_and ezpeeted

A'resulta;
. 19

" such as our czisting advanced automation technology data baae, infotm"- .

;vumke;laat ocep (Taak 4) 1n this apptoacﬁ was to oroanizerthe'identificc-;}

The projected missions .

ﬁ,_m.”;.ﬂ,mn."_ .
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: 2) Technical Interchange Heetings (TIhs) -~ TIM3s were scheduled on a

uonthly basis; the evolving fipal report output status was- pres~

ented at ench of these meetingu.

i
~ 7

" were documented in a final reporc.

' .:3) _finai‘Piesentation and Report - At'the fifthrmontﬁ a final presen- -

. " tation at che NASA/JSC locatfon.. Study results through thig period -

/¢ Work Breakdown Structure S A Lo

.-A work breakdown'atructure was generated to encompags and integrate the

the individual tasks. down to levels which are more descriptive of the
study effort.
viaibiliry of - the final report contenta..f~'

 As shown in Figure 1.4. 5-1, there are four major elementn. Elcnentc

1.1 and 1.2 provide the baseline and reference data applicable to both .

1 3 and 1 4 which are the two major study activities, syatem automa~
tion and ascembly and construction, respectively‘ These major activi-

tiea are furthcr decomposed as shown.;

- 1-10 -

Thc ctructure’further brezks

The structure also provided a meaningful outline for 7-1»- -
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1. PROJECTED SS MISSIONS, l.'iOC $S BASELINE i
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1.5  SOURCE DATA AND TERMINOLOGY SR

" 1.5.1 ;Source Data

As stated in the guidelines above, du ing’the performance of this study
maximum use was made of related apace’ automation atudiea. ‘These refer-
'ence sources are iisted in Appendix A. ' '

v

1.5.2 iTefminoldgy Descriptions

~ -'For familiarizacion, the followicg is ihtended to proQide a brief oVef-Q ,'

'fview of the meaning of selected automation and Temote eontrol terminol- -
" ogy as used herein. It {8 not’ intended CO impose a precise definition

jof these terms but aimply to facilitate the communication procesa.

. ?1) Artificial Intelligence., A'dieeiplice thaf'atteﬁpte to:meke‘com— '

P puters do things thet, if done by people, would be eonaidered v
intelligent.» -

'2) iAutomatie:_ A general tern uged to define self regulatiug of

. ‘motions and. operationa of machiuea. )

?3)_ Autonomi' Independenee of a flight system from direct real—time
control by the ground. R f=~:{&-3x ) ’ . i

'4) _Hard Automation: -ConveetiouaiAaucomation ¢51Ag some foreicfjff

. numerical control (NC) or standard algorithmic control scheme.

'5)- Flexible Automation: Refers to advanced automecion aystems‘that>'~4

’ can cover a wide range of eppiicaticns with inherent reprogramma-
bility. : B

. ; AN
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GX Telepreaence' The ability to transfer a human 8 nornmal functions -

(e.g., manipulation, tactile, etc.) to a remote site and receive

“human 8enaory feedback (e. g.; visual, force reflection, etc.) that -

provides a feeling of actual presence at the worksite.

‘7) Teleoperation.. Remote manipulation in uhich humana'proyide the

control oignala based on responses to efficient information

feedback.

8)\ Supervisory A control mode using a mix of human and machine (com— A
' puter) control in which the operator uses high—level coumands when

instructing the computer to perform complex multiple activity

sequencea.,

_9) Teleautomation. -The capability to interact with and modify a re- N

" mote- automated system and carry- out a predesigned function or’
series of actions, after initiation by an external stimulus (e, g.,

offline programming and remote data base updating).

; 10) Remote Control: The capability to control from a remote 1ocation.f‘

" The terns Telepresence, Teleoperation, Supervisory Cont*ol Tele-k:'

- _automation, "and Augmented Control as used in the literature are
<generally regarded as different examples or subsets of Remote
I'i Control o ::_ ) ’

) A listing of the- acronyma and abbreviationa used herein is contained in
; Appendix B. Those in conuon usage or which are conaidered obvious are -

not -Ancluded. -
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2.0 - SUMMARY

2.1 GENERAL - T- . - :‘f R T _

»-This section provides a general summary of the atudy reaults by refer—‘
"ence to the applicablc 3ectiona, tables, and. figures herein vhere the
»pertinent data is contained. Refer to Volume I, Executive Summary, for
the coupilation ot this data into an integrated, concise:reference
o éource. “Note that this study 1nvolvéd two distinct areus: apstem
7 automation and agsgembly and construction. 'Herein, these‘ureuu have

been addressed separately.
2.2 éYéTEM'AUTCMATION> - e o

72.2.1"6verview-.'
ﬂ;;Therultiméte attainable level of automation for the Spacc>Stution‘in

the year 2000 was establighed (Section 5 1. 2). Thc eleunents to oe . ’ i' 'g
Iimplemented are reflected in Figure 5. 1. 2.1-1 and further defined in B
Scction 5.2, Summary conclusions are contained in Section 5.1. 2. 3. L _

-\.._.'
%, -

Figure 5.2,3-1 shows a- summary comparison of the automation’ techniques

' (hard versuarintelligent).
'7_2.2.2}’Asccésmcut o

EAutomution cssessmeut data are in Section 5.3.  The projected cvoiutiou
- is shown In Figures 5. 3 1.1-1 through 5.3.1.1-6, supplemented by ﬁ:

,degcriptive text in- the corresponding paragraphs. "The power, Environ-"

‘mental Control and Life Support Systen (ECLSS) and Guidance, Naviga- /
7ftion, and Control,(GN&C) subsystems arc contained in Section 5:3.2.



o gt

i
1
!
4
H
I

2.2.3  Scarring and Prioritization -

4 " "MCR 84-1878

T bcarriog and priofitization are discussed in Section 5.3.3 and oum4'>'
.. marized In Table. 5. 3 3.1-1. -Time phasing is contained in Section .
-:.'.5 3.3.2. N S

12.2,4:'Dévclopoéot'Support J SR R e 7-157;3

rDevelopdcu: sooporfAneeds, which'referarto devclopmeqf tools and aids;«

‘i_a;ezdiscusscd‘in Section 5.4.

"°2,3 ' ASSEMBLY AND CONSTRUCTION

;f 2;3;1{ Ovetvieﬁ- T :i B R e ;:‘-i ’ R

'g“sociated reference mission models, are des"ribed in Section 6.1. The

“*j nission " categories include 1) Space Station IOC buildup, 2)-Space Gta- o

", tion ex pansion, 3) 1ar ge spacecraft and platform agssembly, and 4) geo~

Q stationary plaLform ussembly. Each of theue are subsequently addressed
in Sections 6. 2, 6.3,:6.4, and 6. 5 respectively. Each of these sec— .

1; tions-p;ovides a: description, scenarios, and conceptual design data;'

-

i The Mobile Remote Haﬁipuiator Systém (MRHS) basic deoign featuresiand ,‘
’:';_ ::evolutionary conside*ations are ‘contained in Section 6 2. 3 and 6 2 by

b
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The Eour major mission categories involved in this study, and the as-~-7

;eepectivgiy. Trade studies related to- the FRMS are in- Section 6 6. l.-~
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2.3.2 Assessment .

,7 for different mission taska and 3cenarios 1s addressed in Section 6 6.2 .
:for subsequent utilization in the automation assessment, '

tion assesoment is reflected in Section 6.7.

'MCR 84-1878 -

o . a ~© November 1984 -

Commonality of the-assembly and coﬁatruction supooft;equipment*requited

The- automa—
Figure 6.7.2-1 shows eu—,

hancement techniques for remote control automation; " Control systen

*evolution 1s 1n- Figure 6.7. 2-2 ‘and the automation technology assessment

in Figure 6.7.3-1.  An overall automation uummary is contained in Sec—

A:tion 6.8. A development plan is discusseu ir. Section 6.8.3: '_”;”

203.3 :

:Prior‘ties are discussed in Section 6.8.2 and reflected in Table

:Scarfing>and”étioritization

' 56 8. 2-1 Scatring projections are in Table 6. 8 4-1. -

W nwer w———
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FSPACE STATIbN MISSION GOALS

Long—range planning is a keystone to successful productivity, cost ef—
fectivity, and 1life cycle cost inprovements. Performance of long-range

planning requires the capability to look into the future and make logi-

cal estimates ‘and projections based on trends and forecasts of what the

future could be like, While many people inherently possess the ability

: for. credible forecasting, others develop varying levels of proficiency .

“using’ different techniques, These techniques include projecting
trends nodel—maving, collective prophecies, content nnalysis, Delphi
technique, etc, (20) ’ |

T e
-ze -

'?The:approach used on this task was to‘firstibreak‘it down into four < .
':subtasks. -1) projected Space Station missions, systems, and vehicles;
L 2) Space Station evolvability thrust; 3) automation missions tasks and -

- activities- and 4) configuration drivers.

| PROJECTED SPACE STATION (SS) MISSIONS, SYSTEMS, AND VEHICLES

- } next one to three decades.

This section discusses ‘those study themes considered necessary in re-

E sponding to the expectations that are most likely to be generated by .
the space. utilization ‘soclety in regard to automation in space in the .

C T
den -

o First, the understanding-of what direction advanced automation willir

. take requires an overall view of future mission trends and spacecraft

! population numbers. The initial missions investigated. included the - -

f Space Station Mission Requirements identified -by NAS%/EaRC dated June

7, 1984. One forecasting technique used to start this effort was that

" of "Projecting Trends.” In forecasting, it -18 reasonable to assume

that present trends will continue for a;while, but not indcfinitely. -

i In-other words; one trend must be corrected by other trends or facts.

re e e e e e vt e i ma e tmea e+ aee e e e e o s
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j siderable decrea e out through the year 2000 tize frame..
T realistic since very few follow-on or rew misaions uerc 1dentif1ed in

- "this model.

MCR 84-1878
. Novenmber 1984

~-

:Missions identified in the LaRC refetéﬁbé'sﬁécE'gf&tion niseion model.
"« (27) are summarized in Figure 3.1-1 as-to mission categories by number -

land year of launch. -As can be ‘seen in this figure there is a gcneral.

-1 trend for nissionq to reach a peak during the mid-1990’n and a con~- ..
This trend 18’

Most of the missionn investigated could ‘be identified with

. Bcience, “technology or near-term commercial,

:n until after specific processes are identiffed and verified along with a
: lcng range. growth plan, assuming succesaful results of the initial

: labotatory tests.i

SPACE PLATROANS- 708

niucuto PAYLOADS .

FREEPLYERS -

owa e

- : R SN T A
JL._JL_._....._ 2 4 o 03

Any benefits-such as new -

- manufactuting or material processing facilities would oot be identified_'

[ 7 S ) 13 53 Rl

Figure 3.1-1 Mission Madcl—Sunumnary

trend toward core ‘system robustness ‘or conservativeness,-a second ap~

proach was used
lective prophesiea' in which a group of knowlcugeab‘e engine
3-2 :
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: . MATERIALS & STRUCTURES
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. in a brainstotming session that reviewcd the uission categories listed

in Table 3. 1-1._ ‘These arcas were evaluated as to their future trend

' -relative to activity predictions or frequency levels-as a functlon of
" tinme, - Results of .this forecasting technique are showm in the tablc,
_‘1 uhere numbet one indicntes a_ lower or decrease in nission activity froa>:
‘;fthat of the first decade (91-00) to. that of the.second decade (00-10),
number»;wo 1nd;cated,§ similar level of activit) and number three indi-
"cateé a projéctedlinétease in activity after the year>2000. This fn= .- s7 ...
 ,formation is useful since it 1nd1cdtes ateas where future cechnology

Eimaybe beneficial. For example, using the information developed in-

.Figure 3.1-1 and Table 3.1-1, a logica; ‘growth ptojﬁction for many of
}the most comuon Space Station (SS). elements’ resulted Table 3.1-2

_-?shows the results of this analysis o£ the ﬂtp {on model and indicates

rfan active grouth period through the year 2000 ard beyond. This growth 7
) }is show1 1n ‘Tablé 3.1-2 by the 1ndicated time slices. Data bqyondzyear».
B ;2000 are- projections~ the other data a*e from th° LaRC aission model.

‘Table 3 1-1 F ulure Space Stauom—»l’ro;ectcd Mlssrous by (,ategory

SCIENCE AND APPLlCATlOWS V'COMHERCIAL MISSIONS:

. ASTROPHYSICS : 2 FATERIALS PROCESSING 3
. EARTH SCIENCE - 1 - EARTH & OCEAN OBSERVATION -~ . 2
©" SOLAR SYSTEM EXPLORATION 2 - COMMUNICATION SATELLITE DELIVERY 2 -
. LFESCIENCES - = -1 - COMMUNICATION. SATELLITE SERVICING ~3
i~ PATERIALS scxenc&s R ", INDUSTRIAL SERVICES o 3.0
5 o ,

COMMUNICATIONS |

.

. " ENERGY CONVERSION T2 S
CONTROLS & HUMAN FACTORS - 3 ESTIMATED OF_ACTIVITY
'SPACE STATION SYSTEMS OPERATIONS 2 1. LOWER
COMPUTER SCIENCE ‘ 3 2. SIMILAR T0 91-00

" PROPULSION 1 3. HIGHER - '

3-3
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" Table 3.1-2 Space Station System Time Slices

o MCR 84-1878.
T Novenber 1984

-

LT T don T (GROWTH)  BEYOND
CmISSIONS . - 1991 - 1995 T _2000 2000 o
. SPACE STATION - _ T
" ATTACHED PAYLOADS .7 1 7106 T ae-15) .
.-~ PRESSURIZED PAYLOADS = - 8 . 12 137 (10-15)
| FREE FLYERS - . ) )
. 28,5 INCL - 5 S 3 - (3)
" OTHER e 1 -2 @
© SPACE PLATFORH ©. - - - C ’ :
28.5° INCL ~ . 1 5 2 (3)
POLAR 2 2 2
GEO | - 1 4 -
' SOLAR SYSTEM EXPLO”ATIO‘I 1 2 0 . @ -
© oMV MISSIONS - - .0 17 0 17 - (1520

orv.mss(o.\'s' - N S I ¢ -

’ (NOS. lN PAREHS. ARE SPECULATION, OTHERS ARE FROH MISSION bODEL) :

Referring back to Table 3. 1—1 misaion categoriea where obvious growth

. 1s projected cones under the following areas:

1) Communications (all pheses);:'
- 2)  Materlal scientes and processing,
I ) ‘Satellite services, and A

SPACE STATION EVOLVABILITY CANDIDATES

; The most relevant iteas in the previous list that addresses the nearest

of the future growth missions are communications, material sclences and
processing (space manufacturing) and satellite servicing. Some of the
_more relevant informatlon collected on these missions. 1s discussed in

the following paragraphs relative to automation oppottunities.l'The

 last 1tem (1ten 4 above), technologies needed for apace systen explora-'

'tion will be dis cussed under far—out future nissions.

3-4
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; 3.2.1

fbe exhauated by 1990.

%:Present communicntions satellites are now Being used prinatily to. - - o w
-1 transait long-distance television programs from remote locatiomns. - |
. ing the coming years, analysts predict they will be increasingly used » -
é for auch emerging applications as provining long-distance data links -

- tral networks. - i “ A - ) : : T 'i,;‘» -
: Satellites making up this system are pnrked in’ geoaynchronoua orbit R

" west longitude. _
;operate in a commom frequency band,-without interference from each B ‘1 S

“other's ground station, as long as they maintain a certain cinimun sep-
',Enration distance in orbit.,

T»{degreen for C-band satellites, two degreev for ku—band satellites and:

'5Eone degree for propoaed Ka-band "atellites. 13 - t::ij . '3514’7

‘could be decreased by increasing ground statlon dntenna size.
-projected future growth,of conmercial satellite communications.

:finformation.

MCR 84-1878
“November 1984

. Communications : -~ . . - . R

Comnunicationa satellites in the United States are growing 80 fast that
orbital sloto for oatellites operating at- current frequency banda could
Current assignrents of-these nlots are made by .:iw:--
“the- Federal Communications Commission (FCC) -Most of the slots at C X
band- (4-6 GH’) and Ku band (12-14 GHz) are gone. The next highest of-

the radio -frequency bands allotted by international agreement to coa~

. munication satellites is the Ka band (17-30 cHz) ' S C ‘ﬁ

Dur- _

between computers and tying remote corporate offices together into cen—

By e b g e o
MR ' N

to 143°'
Within this are, a number of individual satellites can -

(22,300 miles) and positioned along an arc approximately 67° 't

Presently this separation dis tance is three 73»

f
. (. ¢

W e e e e et e e

[ \

:Aithough orbital‘spoce slots for C and Ku:bands‘will*éoon be fuil,

.- ifurther enhancement may be possible.’

_For example, orbital spacing< )
This .

iprovides only temporary relief and confirms the need for near-term

. development of Ka~band technology and systems to meet the continued-

;Following references from Appendix A are sources of further

3, 14 22, and 47.
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Ang.” The term "Space Manufacturing" is broadly used to indicate the

‘Another ateaiof conaiderable commetcial'intetéétiis “Space'Hanufactur4

4 use of space to” produce a- salable product that” someone is willing to = -

) availability of low-cost mission support systexzs. - _&-sample of these

- systems that could be very 1nfluential in providing cost effective op—~

erations include new launch gystems,” manned or unmanned ptoceasing fa-‘

) cilities, free-flying ‘transport vehicles, snart sensors, and large

" power supply systems., Along with these, component modulatizationa,’

electronicladvancements, space manipulatore, resubplylcapabilities; re-

mote control and flexible automation all lead to a re—emphasis on space

manufacturing. (4)

"/Ihe desire for space‘manufactuting:ia'well adcumented, along with the

use of Space Station as a test bed to conduct early proof-of~principle.

'3»buy. The capability to meet this critetia dependa to a great extent °“,1'

! experinente. However, the next step would lock at “Increased production'

tecHniques vhich would tequire space manufacturing facilities to be de-

O

search enperimenta on Apollo, Skylab and ASTP. - ‘With the operational

- availability of the Shuttle and Spacelab, gsome small-scale laboratory

‘operations have been ‘conducted.” CAny- expetimente*floun on Shuttle[,,fa

o the-costAdovn.;‘Once the procees-ﬁaéfbeén verified, fulliscale'pilotv

;V‘plant operationb would be developed. Visionaries havc’indicated,in

varioutrspeeches and papers that _space manufacturing/materials proceés—
ing opportunxtieﬂ appear almost unlinited. The general public and even. .
potential users who have heard and read these words take it for granted

‘as a routine happening that will evolve in the normal passing of tine.

3-6

“signed to function first in a pilot plant mode and finally as a produc- :
j'tion facility. T '

- The use of space for materials proceasing has been limited to- small re- -

"Spacelab ate linited By crew safétj)éénsidetétibns and a desire torkeep‘»}

t.
J
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‘ In general, this is not true; it usually takes a concerted effort with

R&T expenditures to conceptualize and verify the feasibility necessary

-ﬂ to interest commercial invcstnents needed to- make it happen.

o toxic and hazardous paterials disposal), and solar _energy. (electrical,— -

.

3'The effort proposed here 18 an attempt to provide potential users a-

low-cost approach through the sharing of space and support equipment -
within a basic manufacturing/processing (M/P) facility. A systenms
lapproach is necessary to identify the overall flexibility needed to

T support a nxjority of the M/P functional requirements. Some of" the ’

more common. features that take advantage of various space attributes

‘inelude. Zero gravity (weightlessness and near—perpetual motion),,
fnear—perfect vacuum (acoustic isolation, ngassing, no thermal

tconvect‘on, etc. ) perpetual reservoir (waste products dump, heat sink

pjheating and eooling provision)'l Typical generic aupport features, that
‘must be provided include equipaent holddown fixtures, material handling
mechanions, monitoring (vision) systems, centrifuge device,

E pressuriaation capability, computational processing, data handling, -

remote control, automation and Spacecraft docking for receiving rav

’ materials and removing finished products.

» Areasﬂcritical to .Space Station; where material processing growth 1s °

required includes micro-gravity control, crew safety hazards, venting :

- rof toxic or contaminated waste, and direct versus indirect human inter-

'the facility.

-action. “In the direct or. indirect human interaction, the spacecraft -

designer must consider the overall space requirement for creW’safety

_whieh is one of the more restrictive design parameters. . This affects -

Z,the location and degree of crew participation vhen planning for any

space manufacturing mission. From all initial indications, a multi-

nission pilot plant concept could be'unmanned with an MMU/EVA option.

fTo make this a viable option, the basic facility. would have a high

'degree of automation with manual override through remote control. - The ’

typical tradeoff here would be the cost effectivity between providing

the autonomous equipment versus the life support systen and man—rating

b o———



;:reservoir and. aolar power ghould benefit®space: manufacturing conaid--

lzierably.
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Impacto on Space Station as a result of material- processing growth ’5:'

appears to be in the area of using the Space Station as a setup and -

checkout station and as a remote operations-support center.

i Collectively, the space attributes-of- weightlessuess, vacuum, disposal.

Opportunities appear to be limited with a best guess for full‘;
scale commercial pllot plant operations some time in the mid to late

l9903. Present efforte 1ndicate the first- commcrcial operations would-;

‘most I llkely take place in selected electronlcs products and pharma~

However, hiatorically,-the capability to predict ieture:

' ”products Haevnot,been.too good,  and the probability is greater for new

products not even anticipated today.

Satellite: servicing is a term broadly used to iudicate gome type of o v é_ _;

‘support functions provided to spacecraft, i.e:, deploy/retrieve, resup-"

ply/refuel, maintenance/repair, etc. These capabilities will be nore

- demanding for future missions than the basic STS systens possesses, .
such as the Remote Manipulator System (RHS), thc Remote E:travehicular

Mcbility Units, 1.e., orbital Maneuvering Vehicle (OMV) Orbital Tran
fer Vehicle (OTV) etc., and the Manned Maneuvering (HHU) " Much of the

".early. activitiea projected for these systems are covered by the TRw :"f_;—!i,;
“‘contract report and include tasks such as those required for develop- }; S o

".. ment, flight testing, operations verification, and first’ generation

These capabilitleo cau be divided into satellite’

‘services at or near the orbiter, and those remote froa or beyond the :

)orbiter capabilities. o T

- Shuttle and Space Station serviciog capabilities depicted by TRW in

" their-parallel report provides the evolutionary development of the

first type of service systens as preseﬁtly defined. Beyond the initial.-

R
PR



‘:remote locations from the orbiter.

‘.provided by Space Station and EVA. ’

S 0 MeR 84-1878
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! capability oflsatellite placement and limited'retrieval of free-flying

*-gpacecraft, there is a projected need for cost effective servicing at’

The evolution of satellite service capabilities remotc from the

'“" Orbiter/Space Station is considered in the future mission category and
) will depend on development of a flexible or intelligent servicer con-

‘cept. This unit as conceptualized would be attached to and transported
.by an OHV and oTV to either medium earth orbit- (MEO) or geosynchronous -
orbit (GEO) Obviously, this aspect of manned orbital operations will

-be dominated by remotely controlled (teleoperation/teleautomation) sys-=‘5

tems for servicing tasks that are beyond the crew handa-on capability

iTheﬁautomation impact onispace,Station to support"this type‘of future

t.missiou falls into two primary-areasi* system control and logistics sup-

port.; The’ servicing option which may be pursued to acquire ‘an intelli-

B gent scrvicing capability can vary over a wide range of remotely can-

‘trolled servicing techniques. These” include from a nardware standpoint

the degree of "hard" to "flexible" automation and from a human interac—

tion standpoint, the degree of ' telepresence to Vteleautomation .

- A principal objective of an intelligent servicer is to provide flexible'ci

servicing to a number of different satellites at their operational lo-

) 1cation.~ "In- nany cases this is the cost. effective approach when com=, ;,f"

A fllpsred to returning the malfunctioning satellite back to the Space Sta— A
)-tion. Flexible servicing is differentiated from conventional servicing °
- by provision of the onboard capability to adapt to a varying satellite

kS vork site environment.r “To accomplish this requirce sophisticated

vision systems, smart'sensors systems, adaptive control modes, “expert"
system software, and an executive controller employing artificial in~ -.
telligence techniques., Potential "scars” that are indicated to-imple-

ment an intelligent servicing capability includes a more complev con--

: trol station, 1. c., &nowledge based systems (KBS), massivc menory,. and
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i_ that revealed nituations behind the enemy lines.

i vant issues li ted.,

MCR 84-1878 - . . "
- November 1984. N )

advanced data processing. -In the-logistics area,-potential ‘scara” in-'>,

clude the capability to service and load an intelligent servicer at a’

" lower component Orbital Replacenment Unit (ORU) 1level, Important issues

related to implementation of servicing include degree of worksite
structure, standardization, modularization, commonality and operability.

‘Following references in Appendix A are sources of further infornation.

34, 38, 41, and 42.

FAR-OUT FUTURE MISSIONS . .

Therlast of the mission goals inyestigated were those that’featured
missione conceived to addreas those issues that seem to impact’ life

here on Earth.' Information reviewed include everything from wishful '

; thinking to in-depth analysis of massive solar power satelliteo to - 7;.,f

extraterrestrial exploration. 7‘1 I - .: ‘ ) L R ; 2

One otheriforecasting technique used to provide an insightrinto this - - L

;, area was ‘a derivative of "content analysio.' This technique is'pat—‘

terned after intelligence—gathering methods used during World War II,. - . ;

- when allied forces discovered the ‘value of reading newspapers from - PR E

small Geriman’ towns, which reported food shortagen and other problems <

" The study group used in this effort scanned a nunber of newspapere, :{‘ T :" R

) magazines, periodicals, conference papers and other sources. A summary

of selected issues collected from these sources is shown 1in Table 3. 3-1.

'; vThis table presents three sample. groupings with sonme of the more rele—‘

S I '~j':5.'¢'75ﬁ'~','*,t3 N
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e EXAMPLES OF EVOLVING ' SPACE POLICY:

Table 3.3-1 Long Tcrm Opportumttcs for Future Spacc Mtasxons

. SAMPLE OF TERRESTRIAL PROJECTIONS:

.- =_ INCREASING ENERGY DEMANDS

- INCREASING COMMERCIAL COMMUNICATION NEEDS
- .= SAFE DUMPING OF TOXIC WASTE

- DEPLETION OF RAW MATERIALS

INCREASING URGE _TO EXPLORE AHD-'MIGRATE lNTO SPACE

"+« EXPLOIT SPACE FOR COMMERCIAL BENEFllS
- MONITOR TERRESTRIAL EVENTS :
~ CHARACTERIZE THE GLOBAL FUNCTIONING OF THE EARTH
= SURVEY THE UNIVERSE AND STUDY PLANETARY BODIES
o TYPICAL EXTRATERRESTRIAL FORECASTS:-

- EARTHLINGS VENTURE TO MOON

.= MINING AND PROCESSING OF MOON MATERIALS
- - MANNED LAUNCHES FROM MOON INTO SOLAR SYSTEM
- COLONIZATION OF EARTH'S SOLAR SYSTEM

" MCR 84-1878 -
November 1984

Fd

LmeETl - ',-_"—' .
" = OVERPGPULATION AND SHORTAGE OF FOOD I o . Co- R

" The first groupiné shows issues identified-in various literefure»

sources vhere there ig a major world conceru. Although many of these”

concerus are real changing trcnds have a considerable

impact on godi--

fying future projections. - When these .concerns are investigated with

-the use of space to help resolve them, a number of new space initia—

_tiyes have;rcsulted that in many cases boggle the mino.

Just a brief

samplé’of new opportunities includes concepts such as apacercolonies,i

solar poner satellites that convert the sun's continuous energy to. sup-:-*

ply electric energy ‘at the Earth surface, mining and processing of raw -

materials, i. €.y iron, silicon, aluminum, titanium, ovygen and others,:,fw

" from the- moon or from asteroids and the possible use of space to dump -

hszardous waste.”'

The second grouping, e amples of Evolving Space Policy, are listed to

E show_the wide span of differences rcquired in growing.o; evolving a -

. space station that supports existing objectives versus

: objectives. - -

c3-11 .-

futuristic

N >
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- 11, 48, and 49)

fresult the last one to be addressed..fe

:nomics of space: inhabitants growing their own food.

L L " MCR B4-1878.
e . ’ " © . Novenmber 1984

‘The last group indicates a scenario that could lead to future coloniza~

tion of space.r In fact, a three-day symposiun on figure space programs

7sponaored by NASA and held in'washington on October 29, 1984, addressed
1_:many of these sanme items.g A basic theme of this symposiun was the
feasibility of returning to the moon again, this time to establish per—-,

’nanent colonies. A scenario prOposed included’ moon people raising

their. own food mining minerals, producing rocket fuel and. conducting .

'3~ to 6~ month eyploratory gorties of the lunar surface (see references

v et

According to NASA administrator Janes Beggs, establiahing a permanent A

o lunar base, or bases, 1s  the next logical step to pan's conquest of

space. "It could easily be’ accomplished in the years 2000 to 2010,

”:Beggs said after NASA deploys its Earth-orbiting space etation. fI"

believe it highly likelj that before the first decade of the next

;4century is out, we will indeed, return to the moon, Beggs told the )
i‘lhsymposium. Beggs said the lunar base could be used as a springboard to

- send astronauts to. ezplore Mars and several asteroids (small planets)

in orbit between Mars and Jupiter later- in the century.

One of the major objectives in all manned missions, where extended

periods in space are planned 1s the closure of all 1ife support systen

'; - functions. "In the aggregate of closing these functions, growing ones

own food in space ‘i3 by far the most’ conplek and challenging and as a

] Boeing has conducted a study for'NASA'S'controlled ecological‘life sup~

port-systen prooram at Ames Research Center that investigated the eco~

As part of this B

' study they- looked at NASA planning forecasts for the next 50 years.

From this forecast exanination, six typical missions were selected for

reference purposes. The six reference missions include:

7:1) A low earth orbit (LEO) low-inclination gpace station, - R

2) A LEO, high- inclination space ctation,
3e12”

L L




’

3.4

'3)71A military command post in an orbit at about 132 000 miles altitude, R

::‘4)17A lunar base,

. MCR 84-187¢

A

1.

5) ‘An-aateroid base, and

pd) A Mars surface-exploration mission.r

- The intereat and importance in this technology area made it a prime
’;; candidate for wa jor. modifications and overall facility growth Consid— -
‘erable scarring could be considered in this area to accommodate

»Afuture automation.

SliMMARY

:A summary of the evolutionary functiona associated with various long
'; range- missions and objectives of permanent manned’ pregence has provided
.an. insight to an optional sequential buildup of a space based infra-7

'etructure..<

‘ The potential candidates for automation are many and complex. It“io

- logical that these elementa along with control options be developed on -

a; technology priority and cost effective basis. A low risk approach

:'should .make ‘maximum use of ground and flight R&D experimental testing.u

A\logical sequence of space vehicles first uses the shuttle orbiter as

a. mini-R&D test bed and then progres es to the*opace station as a -

a

illlarger test bed facility, and finally as an operationa center for space ﬂf;

:4:activities relevant to supporting both eo-orbiting platforms and other

‘ platforms in LEO GEO and’ beyond. A general suznary of space statioa

) automation transparency. .

"_~}evolvabil ty. drivers are shown in Table 3.4-1. In order to attain
““these - basic goals), ' an ever increasing level of space crew productivity

-/ie required Early avareness of automatible functions, that support an =

increaoe in productivity, ia mandatory to allow for pre-emptive

‘November 19847T‘
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"' ' A SERVICING FACILITY FOR FRLE'FLYING SPACECRAFT :

. ASSEMBLY/COhSTRUCTlON OF LARGE SPACE SYSTEHS

‘MCR 84-1878 - - .
November 1984 . i~ )

Followino referencea from Appendix A are sources of further

1nformation. 1, 2 4 and 25,
lesze 3.4-1 Space Station Ei;clvability Drivers
.. TEST BED FOR COMMEACIAL PRODUCTS

~ ‘e TEST BED FOR HUMAN MIGRATION INTO SPACE -

:. TEST BED FOR ROBOTICS PERFORMANCE GROWTH IN SPACE

. A STAGING BASE EQR SATELLITE LAUhCHES UP T0 GEOSTATIONARY AND BEYOND

5

Q A LOGISTICS BASE FOR TRANSPORTING CREW AND MATERIALS TO MANNED

GEOSTATIONARY PLATFORM

DU

- - - -
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P

© T0C SPACE STATION REFERENCE

iThe‘purpose'of thia seetion‘is to provide a Space Station reference

' SYSTEM REFERENCE AND DESCKIPTION

Edata base for the study team and to familiarize them with a curtent

>.configuration. The Space Statibn definition as now conceived consists

“of both manned and unmanned elements with an Initial Operating

ACapability (10C) early in the 1990s. Much of the data developed and

summarized here was taken from reference 24

‘Mission Tasks and Activities

3.0 and_to accommodate the complex equipment and payloads, a highly in="

) To accomplish thé diverse set of missione outlined in-the prior’ Sectionrn

volved set of migslion tasks and activities could be generated. Many of

'these are reflected in the later Sections 5.0 and 6.0 as related to the -

»specific study elements of system automation and assembly and construc—

tion, respectively. The top-level mission taaks and activities, -in

Eterms of general capabilities and resources, are summarized as follows.; e

;l);
D

”'f,q)

., 0; Power ) . o .

o O o

Provide a capabil‘ty to assemble, maintain, and repair satellites, f

payloads and space platforms~

Provide pointing control with an accuracy of +10° and a stability R
. of 10.02° /sec. ’ : S

Provide the following resources: -

o Thermal o
Telemetry, command control, and timing -
‘Onboard data management '

Equipment calibration chnebility
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4;1.2i Gencral Requireméggg .

- i) Indefinite operatiunal lifetime 77 o R } i

©8) Shelf life of 10 years minfwem - - . .o {0

MCR 84-1878 = .
November 1984 Ty
_ 7 Dedicated crewléupport 7 .
' o - IVA and EVA support s s o S

Pressurized volume

ihe general, top-levél'requirements dpplicable tu the 10C Space Station’ 7
. are identified beioﬁ. These requirements are oriented toward the ays-
“tem evolvability, primarily with respect to automation, and relfabil-
- eyl “The rcquirements hierarchy will expand and encompaﬂs all subtier S
: elementa as the ayatem development begins. Requirements related to the -
’ aysten automation and construction and assembly are identified iu Sec--
_Vtious 5. 0 and 6. 0 herein, respectiveIV.
'a\number of thefpignifiqaut general’requirqnentéiare:as.foliowa:-~”7 .

' 2) Common design, hardware and roftware, with maximuu standard - B LT
?interfaces Co o :- S B SR
3) -Provide.for modular growth 7

. 4) Aﬁqémmudaté'or‘incurporaté navrteéﬁndlogy,intu éxiétingrsyatéms o

5) - Autonomy from ground control

6) ,Maintain the Space Station critical operations during unuanned

perioda

_7)- Design critical systems to be fail—operational/fail-safe/restorable

as a minirum

'fz-é i
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9) Redundant fuﬁctional paths and redundancy management -

—— .
.
'
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4.1.3 I0C Configuration V» SRR

> wei

i
'

i

1 - - - -7 . . -
' N - - - O - - - -
1
3

The I0C configumtion currently envisioned and baselined for thia study

o T 4s commonly referred to cs the ° power tower. The general configura-

FIREE PRFIUSE AN

o tion ig shown in Figure 4.1.3-1." = S
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?The designrcthacteristics are aummarieedtinirahle 4.1.341;
Ta;I;)c 41 JI o] _Sp'.:;:c S_tai ion t‘i;irrac(cristiet
'Station_éontigutation- Power tower with 5 modules (2 habitation,
ST - 2 laboratories and 1 logistic)
"brhit .i l,'iflr' 28. 5° 270 nau. milea -
Crew Size ;, ,1 | 6 (uith growth capability)
4, -legistics:Suopott _ Logistics module with 90-day resupply .
’%Sf ;Setvicing bapability 1 oMV, 1 OTV (ground setviced)r
;6.1 Platfotms - 1 co—orbital 1 polar orbit i
.i7; Electrical Power o :5 kWe (25 housexeeping, 50 payloads)
28.: Reboost.» - Ihrust level 109—300 1bs, 90-day»cyclev 7
SPAQE STATIO“»SYSTEM -

4.2.1-

a number of interrelated elements. The initial capabilities and growth,'

System.Elements S C e

The Space Station, including the timeframe beyond I0C, will consist of.

,-of any of these elements must be compatible with the enpabilities and

requirements of the other elements. The na jor elements and their char-- -

’ acteristics are summarized as follons.» B

v., s
! .

1) . sTS (Soace Transportation System)

2)-

o]

o

o

Space Station

Habitationlmodules
Laboratory nodules . S .
Logistics modules -~ . - R o -

o Pressurized;payloads»

b4=b

e

Swugrar”

o Ao e R S e m 1 s e
N ,

~
R
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e “28, 5° inclination
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"o Attachgu'payloads -
0. OMV and kits
,d;‘ 0TV and kits -
3) Free Flyers if

Other orbits -

. 4) Space Platforms » » »
‘ "o 28, 5° inclination ) -
"o Polar orbit o ' .

o GEO- .-

- 5) 'Ground_Supportrﬁquiﬁment and Eacilitieé-

»§)i Couuunitatiun‘kefuorkr

4.2.2° Mission Model Analysis

‘ﬁAnalisiéigf'the,refgtenced mission nodel data (Section. 3.0) identified

'itﬁe quantities of the major systen clements as a function of time, be-

i ginntng ‘at I0C and supporting the long-term buildup. In some areas,.’
the 10C elements are perhaps overly optimiutic. For example, the nua="~

o ber of space platforms and free flyers appeara to be more realistic in

T ' the growth phase.\ At any rate, the data are shown in Table 4.2.2-1° for o
"fé: .‘four sclected time slices.’ As noted, *he numbers 1ia parenthesis are.
E projections whilg‘the other data uergrderiygq ﬁ;purthé aission model. - -
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) SPACE sumow
- SPACE: PLATFORMS
" FREE FLYERS ™ -
Cowvs - ¢
70?V5>

" Table 4.2.2-1 Sy&;ém Time Slices

VEMICLES - .~ 1991 1995 2000 2000 - - i

. MCR 84-1878° - . .
November 1984 - ... ..~ ) C

(rocy - . . (GROWTH) BEYOND

1 1 @
NS e
7 e THIITEC ()

_ s s
(-2 @ (3
a2y - .2 . (3

o= N
v

" - (NoS. IN PARENS ARE SPECULATION) - . - . . P
_ .. (DTHERS ARE FROM MISSION MODEL) S L

77 1) Additional VPayl.oads‘ L T T
- 2) Additional Modules S : . N
-3)  Increased Levels of Servicing e .

.3i,4):'1ncreased Levels of Maintenance and Repair ;_bj“

B will be a considerable impact on the levels of operations- management R { <),<
" and system control ‘ ‘Factors contributing to this expansion are as S

. follovs.

3:5}*.New Construction and Assembly Tasks . .. YL .7 i’, ;:_i;: ::} {:f

. 6eY Increased Operational Complexity

) port activity and operations managenent. - These scbsystems must-have a )

'ASystem Expansion Impacts

‘As the Space Station system eapands froﬁ'the IOC configuration, there.

b meyein o pie
. o
A

R -

. ha e Ny 8 tn

Each suboystem will in turn, be impacted by increased levels of sup— '

sufficientidesign mergin for small increases in gysten incremental
growtﬁ and design fleyibility for add-on cepabilitieé to accommodate
the projected overall growth Torsuomarize, the major subsystems are
as follows. ‘ ' B :

)
. )

1) \ Pover . T S S o L R
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o 7): Strurtdres and Mechanisms - ;1 L
'8) EVA ' ‘

" MCR 84-1878

.2) pata

;‘3) Thermal

L 4) ECLS ‘
] sy Communications
::'6) Fluids Kanagement

i The major impact considerations for three of the subsystems, power,
' data managemeut and environmental control and life support, are shown

in Table- 4. 2 3-1. The remaining subsyatems are covered in greater de-

tail in a parallel report prepared by Hughes Aircraft Company.» L

- The éelection of these_three subéyétems was based on the projected ad- .

* for advanced automation. T ST

) Table 4. 2 3-1 Subsystem lmpact Cons:dcmttons

° ‘LECTRICAL PORER SYSTEM

-~ INTERFACES, DISTRIBUTION, CONTROL AND PROTECTIOV
-- INCREASED LEVEL OF LOADS MANAGEMENT -
-- POHER GENERAT!ON - EXPANDED CONTROL -~
. = EXPANDED MONITORING
- EXPANDED MANAGEMENT

Do DATA MANAGEMENWT SYSTEM . - . . .

-~ ADDITIONAL DATA INTERFACES -
=-" INCREASED DATA TRAFFIC

- = HANDLING
. .= ROUTING
- STORAGE..
- TRANSHISSION
® ECLS : : :
- ADDITIONAL MODULES AND/OR CREW MEMBERS WILL INCREASE THE
RESOURCE REQUIREMENTS

- POnER
- DATA
"~ THERMAL . S
- CONSUMABLES -
- FLUIDS MANAGEMENT ’
- LOGISTICS ..~ - )
- lCREASED HEALTH MAINTENA’CE ACTIVXTY

'(,4-7

© -~ "INCREASED DATA MANAGEWENT -~ .- - - < -

kN vancements required “and thus would probably include more opportunities ,l-

B U

~ November 1984 . - o
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l SPACE srarrou'suBSYerMs
L For the purposes of this study, three major Spnce Station subsystems ] B i
f were examined with a fourth one added half way through the study. ,'IV‘iT“ .
iiilj Electrical Power - - - R
22);'Environmental Control and Life Support (ECLS)
- 3) aData Management .
T L4) Guidance, Navigation and Control (GN&C)
’f-As stated earlier, the remaining subsystems will be examined in a
parallel report by Hughes Aircraft Company. R
4.3.1 iélectrical Ponerf"’ ; :
4, 3.1. 1 Requirements and Functions - The major electrical power systen. ‘<jf - .f.‘f
Frequirements, or functions, are ‘ag follows. { ."> éf
1) Provide 7§fKW»at:end of life for IOC ) .
2)- Provide 300 Kwifor growth (2000) configuration . - §;
i 3)}_Provide power source for eclipse or dark side periods - o - e ;f
. 4) Provide power generation, conversion . .. . . . - L o 1“?’2
- *"5) " Provide ‘power distribution and control
: 6): Adequate redundancy ) ) 7 .
“(ff'7);rProtection against single failure in primary bques.', . . s )
7'f. S)ELCircuit protection L T S : - - L
;1f The major automation requirements for the electrical power'oystem are
" “as follows: - ) -
1). Automated routine-management_and control of power system
-2y Automation of routine resources management (all power—related con-,- G
" * gumables) ‘ i 'ﬁ% :
. RV
T i
z’ %’f*.
4-d - TN

IO e 3
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3) Automated fault detection and isolation'

R 4) Automated redunoancy management
' :/5) .Autonated reverification of power systen
: 6):'Automated-management and control shall be accessible to crew and/or
f . ground. Manual override control shall be available for TBD et
“ ' - functions. ; '
é , 7) Appronriatetalerting of marginallconditions provided to crew
1 Q)niineeseible and complete'"audit‘tratls"‘for'ﬂﬁﬁonated‘actiono taken
E 9) ' Use "natoral",ord"high order” computer language
" . 10) Provide for automatic or manual initiation of system validation ‘or
B * reconfiguration ’
! 11) Automated monitoring and protection of power interfaces to protect - ,
: ) against payload failure of misuse of ‘Tegources f;t
| ; \ ' E i
i 12) Design -to allow for implementation of artificial intelligence as - é
: ' technology permits . :
f 13) Provide capability to permit or accommodate the automation of on— ?
? line operational nisaion management L - L :
;’ 4 3 1.2 Power System Baseline - The pover - system baseline consists of _" E
’E the solar arrays, power generation modules, conditioning, and control 3
j ‘and diotribution agssgsenblies. A typlcal systen configuration.ia shown §
: 'in Figure 4.3.1.2-1. ' ' ;
b
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thure 4.3.1. 2 1 Elecmcal I’ower Systcm Confzgumtwn
N T4, 3‘1?3““6rowth Characteristics - The electrical power system is ex-

pected to provide approximately 75 KW at ‘10C and evolve to approxi—

'»mately 300 xv for the year 2000.

Many changes will yrobably occur

. ,during this growth petiod

An approximate timeframe for the change or

| mam ke mame Ty
¢

o . ) B _\ . ._‘—':7 N 1‘ ) .: I:A [’_101

< ".,modification is shown in Table 4,3.1.3-1. -
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U0 T . AND POINTING
' POKER MEASUREMENTS -

FAULT ISOLATION

LR -

- FAULT DETECTION " -

- -FAULT PREDICTION

] - i ‘ - K

- B ~ MCR 84-1878 <
A " * - Table 4.3.1.3-1 Electrical Power System Time Slices November. 1984

T ' ' (e - '  (GROWTH) . BEYOND -

: 1991 , 1995 2000 - 2000 °

: POMER GENERATION o AUTOMATIC SOLAR

& CONVERSION ~~ - SEGNMENT MANAGEMENT
_ (SOLAR PLANAR SYS)  OR AUTO PEAK POKER

‘ N i o LARGE SOLAR °

§ CONCENTRATOR (1956) -

- o LASER POWER . :

5 - - TRANS/RECEPT/CONV (1997)

; L e POWER SYSTEM TECH. (1996)

' - ENERGY STORAGE ~ - "o BATTERY MANAGEMENT o AUTONOYOUS - ©

DL  CHARGING & RECONDITIONING .
 AI/EXPERT SYSTEM
"o INTEGRATE WITH ADDITION OF
_ REGENERATIVE SYSTEMS
. (E6 FUEL CELLS)

i POMER DISTRiBUTION; - o LOADS SCHEDULING - i e

D U AND CONTROL  ~ - "7 & MANAGEMENT : B

. Lo, e '.‘ AI/EXPERT SYSTEM = B .
A , S e . EXPANDED ):, o EXPANDED AS REQUIRED

: SUN ACQUISITION ® .~ o P — '

o EXPAND OR MODIFY WITH
'POWER SYSTEM CHANGES -

~® EXTENSIVE

.- PERFORMANCE

~ MONITORING

o MAIN DRIVER IS _ -
" FAULT DETECTION &
*. . ISOLATION o

~ & AUTOMATIC
" -DETECTION _ o .
* REPROGRAMMABLE- ~ = T
LIMITS - S T
* SYSTEM ALERTS’

. TREND ANALYSIS o PREGICT erENDING s
) . FAILURES WITH R
AI/EXFERT SYSTEM
(e.c. INJECT STIMULUS SIGNAL;
MEASURE RESPONSE)

e AUTO- IDENTIFICATION
_OF FAULT ORU
* GREATER DIAGNOSTICS ON DEMAND

1" 4-11
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Table 4.3: 1.31 kconcl) _
' S L100)
1991 - | 1995

- o - i
" MCR 84-1878 - - . L
November. 1984 - ’5")
(GROWTH) - . .-* . BEYOND

o AUTO SWITCHING OF "
' o - . - .- REDUNDANCY FOR - ~ ..
! B " r .. SELECTED FAIL-
© s el sk Lo 7 =77 OPERATIOMAL MODES -
" . e FAIL-SAFE OPERATION -

" FAULT RECOVERY -

i T TDD T T WITH OPERATOR SUPERVISION
: -7 07Ul TO'RECOVER OR RECONFIGURE. -

" o MANUAL OR AUTOMATIC
. INITIATION

. e FULL AUTONGNY

. VERTFICATION OR ~
i - CHtCKOUT
- .UNMANNED ss .

- . CRITICAL FUNCTIONS WITH

2000 - . 2000

o EXPANDED TO MATCH - e
SYSTEM CONFIGURATION

e EXPAND WITH SYSTEM

~  CONFIGURATION
- GROUND BACKUP-TO ENABLE :
REVlSlT

- 4.3.2 Environmentai'cbntrol'and Lifersnpport Syetem (ECLSS)'

.7~4 3 2 1 Require zents. and Functions — The major ECLSS requirements, or’v

s functions, are as follows.w

1 Six,Ctew menbers

2). 90-déy resupply'

3. 28-day safe haven

4):FN0 overboard waste dump, waste products returned to earth

'5) ‘Indefinite li‘e with onboard maintenance

6). Hinimize crew and/or ground involveuent »
n77):“Fail operational fail safe , 7 o
‘ d)*‘Modular design for growth and new technology, minimum scar f ;.'

"9) No hazardous fluids within pressurized modules

The ECLSS functions are deﬂendent on the kind or type of module being
utilized._ The applicability" of the ECLSS functicn relative to the Cype

of module 1s shown in Figure 4.3.2. l—l
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" |FIRE CONTROL

- HANDHASHING

- |SAFE HAVEN SUPPORT .. -

2

‘MCR 84-1878 - .

VENT[LATION - -',-*;,
MONITORING S
 |WALL THERMAL CONTROL. .

.| NOISE CONTROL °
ODOR/CONTAMINANT CONTROL

_ |LIGHTING -

-| PARTICULATE F!LTRATION

BACTERIAL/MICROBAL CONTROL (AIREORNE)

“{HUMIDITY CONTROL o
ELECTRONICS CONDITIONING

POTABLE WATER. SUPPLY E

GALLEY SUPPORT

EXPERIMENTS CONDITIONING
ANIMAL AIR FILTRATION ™ -

" | ANIMAL AIR ODOR/CONT. CONTROL

ANIMAL AIR HUMIDITY CONTROL
ANIMAL AIR FONITORING ’
ANIMAL AIR TEMPERATURE CONTROL-
ANIMAL DRINKING WATER SUPPLY"
ANIMAL FOOD SUPPLY - _
EVA SUPPORT (AIR Lacks OHLY) -

U303 DE 3 3 3 K 2 B I W M X X X K |

¢

3¢ D€ B BE D D BN K X M ¢ X X X

3¢ DC 3K 36 X B¢ 3¢ B X 3 X < 3¢ ¢ >

2 MM DX XX

3¢ 3C DC DE X D € 3 D XX D D 2 X X

N - lflbi(ember 1984 -
""" REQUIREMENT BY MODULE
Clest HAB. HAB. LIFE  MATERIALS . .
FUNCTIONS PERFORMED #1 © #2  SCIENCES - LAB- LOGISTICS
AIR TEMPERATURE CONTROL
0,/N PRESSURE CONTROL

I

v

I I A S

Eigure 4.3.2.1-1 ECL;S‘ Function by Module - ..~
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’ figure>4.3.2.i—2 depicts the module érrangément used for the reference.

MCR 84-1878 . -
November 1984 : \: . )

configuration. This arrangement provides a “racetrack” configuratiou,— S
i.e., each nmodule (except the Logistics Module) has two exits. There:
1; a high degree of module componality, particularly among the four

modules in the racetrack. - This results in the fewest rumber of module

'types'béing’réquiréo This arrangemont also provides - minimum total
”?number of elements’ and a ninimum number of intérfaces between ele-
_ meats. Penetrations around a radial port and the opponite axial por:

’permit passage of major utilities.-

' ‘:Figu’ré 4.3.2. 11-2_ Reference Module Arrdngement :

i ,ngine definition for the ECLSS includes two 4 in.-diameter lines pene- )
'»lgtrating through the bulkheads, and* expanding to 6—1n.-diameter ducts. -

éAir flow on" one line provides supply to the module, while the other
111ne is used for collecting exhaust air. Internal utilitieo gntering/>

‘ " exiting through the two hulkhead panels include dual 1-1/2 10;;diameterJ

?coolant supply and return lineé, dual 1-in.-diameter lines for drihking

‘water, fof waste liquid water, condensate water, and wash water. Also

included are dual 3/8-in.-dianmeter 0, supply and 1/2-in.-diameter
:Nz supply lines. Traffic through the Laboratory Modules is low, with ) )
'the majority of traffic being in the two Habitatlon Modules. Traffic}> '{‘
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. considerations and interface/integration‘considerations seen to make it’
:;referable to have the Logistics Module and Orbiter berthed to the

" Habitation Modules, and to have the pressurized payload modules berthed

to the Labora*ory Modules.

4 3.2. 2 ECLSS Baseline - The I0C ECLSS baseline consists of a variety

of equipments and consumables.

najor modules.
major function. -
listed in Table 4 3 2.

" COMMON_EQUIPHENT (CE)’

. PxG i
T VENT Fan PKG 4 FlLTERS .
- 02/"2 ONTROL . )
. CABIN Dump & RELIEF
T AR DISTRIBUTION Bus
- Coud PLates. .
" HATER Pump Pxa\ NoT In
_ . FReEON PuMp Pxa6 f LoG Mop
! INTERFACE H/X '
FIRE DETECTION &
SUPPRESSION -
. WATER DISTRIBUTION SYS
GAS DISTRIBUTION Svs

EMERGENCY CO,/RH/TRACE |

EMERGENCY Oy
" EMERGENCY Ny -

" EMERGENCY POTABLE HATER N

SHELF STABLE Foon

"SENSIBLE HEAT EXCHANGER7:>

- - RESUPP

SAFE_HAVEN EQUIP (SHE)

CONTAMINATION §0N1R0L7

2—1.

s Table 4. 3 2.2-1 IOC ECLSS Baselme

AIRLOCK SUPPORT EQUIP (ASE)
PuMP/ACCUMULATOR

_Escape Sys (BaLLs & POS)

EVA SulT I/F 2 REGENERATION SYS

& STORAGE_(RsS
NokMAL 05 SuppLY

" - NormAL Ny SuppLY

POTABLE WATER SUPPLY
BuLK FREEZER STORAGE
-WASTE WATER TREATMENT & STORAGE

" TRASH COMPACTOR, STORAGE &

ODOR CONTROL
C02 STORAGE
FECAL WASTE BULK STORAGE

QALLE_
REFR!GERATOR/FREEZER
OVEN

TRASH COMPACTOR
HANDWASH -

Common Equipment (CE) is located in all
Other modules are outfitted in accordance with their

The types or kinda of equipments and consumable are

HEALTH & HYGIENE (HeH)

_ComMoDE W/URINAL (2)

SHOWER (2)

HANDWASH

HOT WATER HEATER
CoLD WATER CHILLER _

HuMtDITY CONTROL PKG

€0, Rerovat

CONTAHINANT CONTROL
ATMOSPHERIC MONITOR

0DOR REMOVAL

€0, CoMPRESSOR/LIQUIFIER

ECLS CONTRQL & DISPLAY (CsD)

The present epace station life support systemq (for air, water, waote,

and food) ave’ classified as either ' open , 1.e., resources are all sup-,”

plied from storage-ground resupply with no regeneration, or some degree

of “closure” , 1.e., used resources are regenerated,

The I0C concept as

‘shown in Figure 4.3.2.2-1 for this study has a partial closure of the

3

‘the others are ~open.

water management systen and regenerative CO2 removal s&stem while all -

Advantages of closing the 1ife support system re-

side in the considerable opportunities for reducing logistics weight

- .and volume.

L e e e e
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Logistics supply " 6CREW MEMBERS
! - Food ——, Clothing ~ Stored . Stored . UNIIS Ibsidoy
; Sollds 02 . Ny (1ib, = 0. 4538 kg)
1 "20 ‘ . . } :: U o o
H . - 0; .- lnugc 5.0]
: . Crew Airflo:bhiﬁ
i co, o - e
. ' - H0 —T . -
*: R Utlne ’ ) .
i {eces Condnnur' .€COy ovomoud\ ’
i Colloction .
. Vistar -
Flitration,
i H20 Treatment, }—) |
3. . storage and "N co,
3. : MonHoring i Liquitaction
% i 43— A
H Hy0 ) B - . -~
E ‘ l Hyglena 1 Solld & liquid waste
4 : - storege/menagemaent -
R Hand wasth - N
A ; - shower -~ : : -
3 1o s B (H20. Solid Clothing - CO, {
. f - R Retutn to emh
) P .
.‘ @ D
3 i F:gure 4. 3 2 2-1 ECLSS Functional Flow Dt.xgmm ; : -

4 3 2.3 Growth Characteristics - The successful evolution of the ECLSS o

from the IOC to Space Station 2000 and beyond must include a considera-

tion of the significant factors at the outset.

"The- system must satisfy -

the initial requirements but must be able to accomzodate the expected

cﬁaﬁges that 'will oécur{' Growth potential is; thereférei a factor i§:[_~ :53

:t loﬁing faéto;sza

1) ,Technology Statu /Risk

2) Operational Support Crew and GroundA

3)7 Growth PotentiaL )
4) 1Ilities Consicerud
5) Logistico '

" 6) Cafety/Complexity

7) Econonic Benefits--Lower

volume, lower weight, lower power

. 4-16

’.If‘fhelévoiution criteria. " The evolution criteria would include the fdi?
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The quality and quantity of conaumables required to support the- life

functions conotitute a major loglstics problem for a long—term Space

'jstation.

Vtema<offer opportunitiea to alleviate this problem.
» limitationa, technology maturity, perfor:ance, verification tine. and,

control complezity all combine to drive-the.degree of closure and the..’

implementation tining.

Reclamation, reconstitution, recovery, and regenerative sys-
However, budgetary

ALthough considerable savings can be reali-edlr

;at each logical step of partial closure, the technologies and aubsys—

;'systems, aubsystems, componenta, ‘sensors, and instruments.

To provide

i tems ‘needed to obtain. such savinge require a large number of additionalr.‘

*j efficient system performance requirea a large number of subsysten in— o L

- terfaces, and careful balancing of interacting chenical processes., () -

'f Parallel proceseing options exist for’ carbon dioxide removal, water

ok reclamation or gray water processing, oxygen generation, i, e, water

:? clectrolyqie oT : CO2 reduction, and contaminants removal. Tbe impor— :

5 tant issue here ig to start with a concept that is technologically

! transparent to options that will be added in the future to close on a.

step—by—step basis all LSS functions, even through th

progrcssively high productivity features.
) closed 1oop approach for the major LSS elements is summarized in Table,

6 3. 2 3-1 -

Tablc 4.3.2.3- 1 Evolutmnmy Loop Closure Approacb

: j Y j‘.’1980
" FUNCTION - OPEN
L0y LIOHACo,”
.- CONTROL -  ABSORB. "
. 'POTABLE " RESUPPLY
DTOWATER- - T s
0, SUPPLY  RESUPPLY
.. My SUPPLY  RESUPPLY
S WASH © 7 RESUPPLY -
LOWATER T -
" FOOD

‘: RESUPPLY

L A

1991

‘3 SEMI-OPEN -

REGEN, €0, REMOV.

€0, LIA./STOR.
- RESUPPLY

RESUPPLY

2u00

,'éEﬁ, CLOSED
REGEN. co2 RENOV.

€05 LIQ./STOR.

WATER PROCESSING

RESUPPLY

food cycle with

A proposed evolution of the

BEYOND 2000

. IDEAL-CLOSURE " -
REGEN. €0, Remov, |

€0, REDUCTIGN

e gt
s

. '
e wAm - s - — )

B3 e bt

[T

’TOTAL NMTER PROC

0, GENERAT}ON K

PARTIAL PROC,

TOTAL PROCESSING

- TOTAL PROCESSING =

417

— o -

PR R K : -

> GROW FOOD - -~~~

P
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4.3.3 Data Management Syastea (DMS)

MCR 84-1878 - -
- Novewber 1984 -

4, 3 3. l Requirements and Functions ~ The major data management system

i 'requireatnts or. functions are as followa.

1) Provide sufficient data brocessing for'eacnrsubsystem

' 2) :Erovide command,and status indications to/from all subsystems

- e

o]

(o]
e
[¢]

Interfaces for payloads

Transmit to. ground through

) Hultiplex customer data streams up to 300 megabps

TDRSS or "TDASS

3) Provide ancillary data and resource coordination to cugtomners

Support near-term mission. planning and scheduling and provide

information to custome*s

4) Provide fully interactive data work stations of a common design as

_the man/machine interface

(o]

Data communication shall be viaible through the data work
1station ’

tion into each subsystem

effect crew safety or damage equipment

inProvide data work station hard copy capability

Design for low noise levelsr

,Provide crew total commanding capabilities and dara verifica—

. nrotect the system from accepting erroneous commands that o

5) Provide a»crew‘training support capatility for subsystems

d) Provide real—time support for data storage of 1200 gigabits

" and customers (payloads)

' 7) Provide a single time and frequency reierence

for all SS clements |

[y e

s et em o e
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' 8)

9)

;10)
1) s
- 12)

T 13)

14)

" 15)

Support checkout and launch of OMV and OTV ) o _' -; @'ﬂﬁi:;

MCR 84-1878 - -
November 1984 s

Provide a common data format for data transactions between space

station program elements . . -

Suppott eheckout capability of subsystems and redundant components

Suppott operation of remote manipulation and instrument pointing
Empioy»data security techniquea/unauthorized access .

Provide data communication access by crew or ground for subsystem

~monitor and coatrol

Support maintenance by providing for all command and data transfer -

to be stored with capability to_ purge

Provide for 'data transfer between subsyetems'through a‘data'netwotk:t‘

) that can support‘a (300) MBPS rate (TBR) .-

:i65
i7):

i 18)

/Provide capability for crew ‘to modif), generate add or delete

Providerautomatic fault handling for customer interfaces

Deaigniforlenhanced‘maintainability‘of software life cycle ’ ‘»<'

_ -

’application software in real—time with the system on line

o 19)

20)

21)

Design'for_bit'error rate of 10_6

Design:fer»RFI conpatibilityir
(TBR)

Design to be "userrfriendly“ with prompts'and help function

4-19
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The end-to-end data management system-involves the full spectrum of the
" Space Station program. An overview ofjthé nmajor elements is shown in
Figure 4.3.3.1-1, N o o
- 1
Sub:yitcn '
Management l -
|
Payload N
l Support o
' Mission -
l Operations
. .
Experiment l ”
\anzgeneny/ . '
| —
‘;

T PR S

- Figurc 4.3.3.1-1 End-to-End Data System Functions T
The mgjof‘autométion requirements for the data managegent éysfem are as .
follows: : Co o '
1)  For unmanﬁed-pefiods of operation, maintaiﬁ_critical opératioqs1
>‘;>2)?’Aﬁt9méted iouqiae management and control of DMS ST STe
3) Automated fault detection and isolation =~ - o
4) Automated redundancy management ) X -
5) Autonmated reverification of DHMS
’ c’-:‘j. A
: . £
- 4=20 . - )

ey
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} 9) Use'"natural",or “high order",computer.language

i 13) Data utilities shall be self-managing with allocation of data- sys— )

i

“MCR 84~1878 - -

" November 1984

' 6) Automated management and control shall be accessible to crew and/or

ground. Manual override shall be available for selected functions. ..
YD) Anpropriate.alerting of marginal conditions provided to ctey3,‘

7»1&_8) iAccessible and complete_"audit trails" for automated‘actions taken’

L 10) Provide for automatic or manual initiation of system validation or

reconfiguration

11) Automated monitoring and protection of data interfaces to protect

against payload failure

12) Design to allow for implementation of artificial intelligence as

technology permits

“tems resources - being largely automated and transparent to the user

- 14) Provide for administrative data processing services to support-.f%

lmust be designed to. satisfy a number of system-level requirements. The_r

automation of on—line operational mission management.

4 3 3.2 Data Management System‘Ba eline - The data management system -

architecture of the system will provide the otructure in which these i;’
requirements will be met. " Flgure 4.3.3. 2-1 1llustrates the tradeoff

between centralized and distributed system architectures.
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tecture and the link between the spaceborne and -ground data system..

-

Station
Master
Control

Space Station
Distributed Proce:slng
Systez .

Processor
) /mboard Data 'Bus

T

Oaboard
Processor

Oaboard
Processer

Onkoard
Processor

Link

RF -

-{Subsysten

/

/

Adapter | - / ' Cround
A . - Mission
- Operaticns
| TORSS Link
L‘(‘_-L__ - ] Adapter
/Mission Orerations Data Bus
Mission . Mission Mission
Operations| [Operations Operations
Pracessor | {Processor Processor

 Figure 4.3.3.2-2 .S;pace Station System Data Management Architecture

Growth - ) B Auto- Soft~- | Compu~ .

Capa~ .. | Modu- [ Bus Matntain- § Reli- Adapt- lwmatfon/ |Mardware] vare | tatfonal

ability | larity | Traffic ability ability | ability | Autonomy|Cost Coat .| Speed
Central-] Con- Poor Moderste- | Hoderately| Low Hore Difft- {Hoderate] Mode- | Limited
fzed stio{ned ly Low Complex Complex { cult rate } - -
Distrib-] Esay Excel- { liigh Simpler tiigh Simple { Simpler {iligh High ] No lard -
uted . lent - ) o . Limtt " | -

'Figure 4.3.3.2-1 Data Processing Architecture Factors

Firgure,4-.3.3.2.—>2‘ illustrates t;he imp]:én;éntatic;n of distributed ‘afcbi- :

One cia{ta man.agem‘ent’system concept,. utiliiing a_.dual ring-bus c'bnf'ig:p-:’

rat:ion, provides a ‘means to link together all data elements of the

" Space Station as shown in Figure 4.3, 3 2-3.

«
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. will include flexibility and’ adaptability.
may include modular ex pansion, increased processing speed, fault toler-
'ance, and» increased-data storage capability as shown in Table 4.3.3._3:-1.
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.4.3.3.3 Growth Characteristics - The data nanagenent system attributes 7 G

Growth changes anticipated

Following references from Appendix A are sources of further .
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Table 4.3.3.3-1 Data M;zhage;nem Sy&;bm Time Slices

A

(100)
1901 -

1995

" (GROWTH)
2000 .

BEYOND
2000 .

" DATA PROCESSING

. FAULT TOLERANT COMPUTERS -

_ MASS MEMORY

" o EXTENSIVE USE -

OF REMOTE 1/F

SR uTs

'« NETHORK RATES
UP TO 300 MBPS -
100 MOPS

TBD

oTBD -

L (12X 103

+ GIGABITS)

-« EXPANDED PRIMARILY .~ -

" BY MODULAR ~-- |
ADDITIONS -

. SME

« 2000 MOPS
. VHSIC
TBD »

(12 x 104
GIGABITS)
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5.1 -
5.1

5.1.1 11 Goals of Autometionr—'There are aeveral goals for automation

"i - on the Space Station, as shown in Table 5.1.1.1-1.

B " MCeR84-1878° .
- Novemberil984 -

Ztasks to Be performed by the crew at comstant work'levels.
’,towards the ability of the Space Station to- support more numerous and/

) ground telemetry, tracking, and control ({TT&C).’
”,Space Station to survive if cut off from the - ground for an extended

“SYSTEM AUTOMATION o ' I -

e

-

INTRODUCTION % -= - e L T

Goals and Assumptions

Automation may re-

duce crew workload or, stated another way, could allow more complex .
"This pointe

or more complex payloads both of which relate directly to an earlier '

sreturn on the government's investment.

Automation could allow the Space Station to be less dependent upon »3 T
This would allow the

,(90-day paxicun probably) period of time. Many factors could influence

:the likelihood of this cut off. The range of events over the 30-year
‘expected 1ife of Space Station includes limited nuclear war oomewhere

on tﬁe globe andknetural‘disaaterrbefalling ground mission’control.

But further, thia>decreasedrground dependancy could allow select paj—'

*+ " loads to be flown during Space Station development before a full crew Tl

" staffed the- station. This relates to earlier return on investment. o

) Automation could eignificantly reduce the number of ground personnel -

necessary to run the misnion. The reduction would not be so much in

- the area of miesion operations and direct support but rather in the N

standing army of support personnel. The goal of automation therefore

would Le to hold the Space Station ground personnel costs to. approxi—

matelyfthose of the STS. This would be a cost saver for,the government

_and again lead to an earlier return on investment for the government,

) S
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TabIeS 1. l 1- 1 Goals ofAutomatmn S .
‘ ’ AUTOMATION GOAL AFFECT PAYOFF
' o Reduce cxy‘e{r workload. - o Increase number o More revenues
i ST s . & complexity of o - .
. 0 'Allow more complex payloads - o Lower uger cost .
H - erew activities T '
I 0 - Less 'ground dependancy, " .0 Select payloads o More.revenues - 1
s o flown sooner - - .- - ’
; 3] Longer time between o Reduced risk of
) TT&C o Asgsure SS will : mission failure.
; . - © attain its life ' )
i expectancy
! b Less.ground personnel - o Limit mission "6 Cost savings - i
“ ) - than otherwise would " . support staff :
LA _be needed ) costs
: b 'Less training of a _ -
DO B ‘mission staff separate i
[ from STS | j
-lo  Testbed for American ) o Space Stations'/ o Strengthen our. | - ...
. industry. - - - . ... . high techmology . "} =
IR R o Undemater Systens compet_itd.y_e stance
’ "o Flow-down to - °
: ~ commercial side 5
; e . - of technology > - )
P - e Do - - .. . - :
Lot "'A ‘somevwhat more removed but no. less significant reason for automation
: i is that the problems to - be solved by industry in order to achieve de-
7 sired 1evels of autonomy have high payoff in non-Space Station arenas. -
L T The tooling (software and hardware) which will never flyro_n Space Sta- -
- tien but ‘which will be cruclal to Space Station mission success through
) its making possible flying other hardware and software is important.
" The Space Station data proce sing systém?i_e a key focal point as ' 4
: “ recipient of automation.‘ - T - ' . o ‘,",'» )
‘ , 5-2-
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Euf,'tion would have at least hardened symbolic processors and active, in—:>f
telligent DBMS. ) ’ L : )

" MCR 84-1878

‘ *iffj November. 1984 T

?i;S 1. 1 2 Migration of Ground-Based Missions to Space - It is almost in-1

‘tuitive that there will be a migration during the Space Station life of |

’ifmissions currently thought of as ground baged to space.- The reasons .

for- this are founded in a desire to keep the number of ground personnel;

iri.to manageable levels and to increase ‘the- productivity of the crew. In L
.forder to accomplish this, the Space Station as a system must become' 4
’}{ more. functional.‘ It is a natural step for manned space missions to
:;itake advantage of the increasing sophistication of hardware- and soft—> -
‘ware. Consider man as an information processor, perfotming cognitive
*,‘processing at’ a variety of levels of aophistication. As the capability:
‘3>to automate parts ‘of this cognitive proces"ing becomes mature, the )
‘7if human - can fOCUS on the less mundane ‘levels.. Examples of mission- ele—'::;
: imenta which can move to space are aimple trend analysis, some. fault .
';:isolation, and some aspects of planning. : With the complexity of the
_:Tflown system on.the increase as well as its. .scope, we can anticipate
.ff_that the’ ground mission functions will increase “in difficulty. as well.,
‘f—As the nission allocation migrates, 50 will ita corresponding system -

Tl elements such as hardware and software.

; ‘It can he as sumed that the state of the art in computerq and software
'::will lead the technology’flown on ‘Space Station by no more than lO
f_;years.r This implies that an IOC gtation: will have onboard Autonatic
' VData Processing (ADP) equipment appro imately equal to that available

today to the research community. " A representative example would be a .

'Tf:hardened, standalone, 32-bit processor with Winchester drive and bit- -
:~mapped multi—windoq display. "It can be anticipated that the FOC ota-‘_>

-5.1. 1 3 Evolution of Artificial Intelligence - Artificial Intelligence

;,'(AI) is a broad area ‘of research activity today which promises high - )
‘payoff.- Herein, Al is referred to as providing_"flexible" or intelli—‘

gent” automation.'>AI has been nmuch discussed in relation.to>the Space - .

Statlon, and there are two_overriding‘points to make.

4 B o
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Of these, the.methodology is the least mature,- AI will undergo evolu-

“tion as the Space Station evolves.. This joint variation makes plauning _.:

§~ >>AI inclusion in the later staées of Space Station difficult. There ‘18 ,1_

'Aconsiderable current interest in AI throughout the world, and its ma-.

‘turation may bé counted on. If we err towards being too conservative

'in"our planning to exploitiAI’and the field evolves uithin‘the’next'ten'

‘(fé{ years, the current planned Space Station may be much less cost effec~-
: tive with respect to what is available from the state of the art much

sooner than 30 years.

' fi Secondly, there is an important difference between a research orienta-

tion towards AI and an eugineering orientation towards it (see Table

First, AI is an evolving set of techniques, support tools, and methode.

5 1.1. 3-1) . AT offers deep opportunities for research. That- orienta— -

-tion is at odds with what may be called standard system enginee"ing.~
rz;f methodology. The engineering approach would identify required funec—-.
o tions that a system must possess and then allocate then to hardware,
software, or human., Exploitation of Al would modify the ‘software allo-
cation to include a special type of software-—knowledge based aystenms

(KBS) ‘In defining and developing KBS components of a major system,

the developers have the freedonm to allocate functions to humans which -

) are insufficiently mature., Such KBS are referred to as usino mixed

'initiative. It nay be possible to construct a fully intelligent ex—"

;’pert system to ‘unction as an advisor to'a human. However, the con-

,,”_: structioniof a system using symbolic manipulations and sizable amounts

fijf;:;“ of human input may be quite feasible. Further, by bounding the. prob-
J';f? len's context, e:g;, "build something to plan Space Station orbit

o boost vs. “build a planner for Space Station" vs. “build a generic

',planner for space systems, it is moved into the realm of engineeriné.
Embracing the notion of an engineering approach to KBS inclusion in

B Space Station may allow earlier inclusion of at least placeholder Al

~ technology in Space Station and avoid the risk discussed in the previ-

ous paragraphs.
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"¢ Table 5.1.1.3-1 I’ro_bicms in Approacbiﬁg KBS VCmn'ponents ’

. Overview

- _MCR 84-1878 _

November 1984

Engineering-

Research .
Method must be visible-

Method need not be visible

Artistic method

Everything allocated to H/W-S/W :
‘"V'Part of larger system

Structured method S
Freedom in. functional allocation'“
Stand alone -- :

Key resource is people - Key Resource is tooling

i 5.1.2, 1 The Study Approach - It is attempted to establish the ultimate

“tion becomes an important study tool.-

attainable Jevel of automation for the Space Station in the year 2000.

While somewhat unclear, this point in the evolution of the Space Sta-
The ‘expected IOC to determine

what were logical and reasonably manageable steps to'take(towards the

. maximal automatlon configuration were then evaluated. } ..

': This portion of the study dealt with Space Station systens.

It is o

;‘assumed that. n B

N

o The computer and software across the subsystems was a key" accommo—f

:‘dator of automation.

*?;o . The desipn of the computer and software, considered as a system, o

.was crucial to allowing the highest levels of automation, especial—

.

» ly intelligent automation. - ) - ", .
<] “The portions of the ADP which perform mission elemento, now thought
of as ground-based and complex,'are what provides the context for

the stepping from IOC.

. 0o These portions of the ADP deal with planning and scheduling, and

caution, warning, ‘and status monitoring.“
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‘lishing a logical stepping fron IOCltowards it, and considered what -
’technology could improve its feasibility., An.additional reason for

‘ The approach may be sumparized by the following set of sequential study

:'objectives.> - . - L

‘'o'e 0 © o

- those shown are considered important. .

' MCR-84-1878
Novenber .1984

. Therefore, this functional componeut_ of ‘the ADP was analyzed, estab—-

W “this approach is that. 1t complements what is availuble through the ’

v 1iterature. )

Conceptualize 2000+ information system architecture )
Establish ultimate levels of automation I —;;“
:Conceptualize design sufficient for those. levels :
Show phased stepping towards .ultizate automation levels
. Is the systen design which accommodates high automation levels

‘-jreasouable7 R L= - B oo -
Figure;S 1.2.1-1 shous that this portion of the study conQiders the
data managenent system (DMS) and its corresponding subsystem specific

‘components. There are two avenues to approach automation.” The first

'V'i::_ referred to as hard automation and those_ aspects of the-DMS showm in - -
“the hard automatiom column can affect Space-Stat'ou“autoncmy.‘ The 7 _
) second column, iutelligcnt automation, refers to the newer field of- '
- using K3S techuique.... The elements of. that ‘coluon are some key issues

discussed below While the .,t:udy addresses issues other than these, -

’ SF‘AC[ STA}'!ON SYSYU’S

N - e AL
. -DJVE /____L Pc»wsn ©_ECLSS -
HARD AUTOMATION - S INTELLIGENT Auto%noa
[ PHYSICAL ARCH. . T MISSICN TIMPLATES 7
- CONTROL PHILSOPHY F OPLRATO® SYSTEM INTERFACT

- SOFTRARE EXZIRCMERT - ST e

- ROLE OF THE EXECUTIVE A : - - -
. i . 100 . - e o

I FAULT TOLERANCE AND REDUNDANCY LML ADu1s0R -

- ST . KNOWLEDGE BMED SYSTEMS Sb\"O“PO‘lENTS

- KOTLYSIN TEST - ) A

- : - - DATA BASE Errr.crs S

- SMART (INTEGRAYED) SENSORS

‘ -F:gmrc 5.1.2.1-1 E lcmcnts To Be lr'tplcmcntcd on Spacc Stat'mr ADI’

5-6
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'“ltivity accelerators.

'.station scquisition as well as commencing new solutions will be majot.
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5.1.2.2_‘Issues in the Development Process — A’large portion of the

;;\work focused on what tools and techniques would be necessary to support’
h therdevelopment of the Space Station. . Adequate _tooling in the area of

) :.softvare and systems development aupport can make the difference’ be-

e '

;.;tween success and fsilure of a software intensive systea, . Often, two ;'*~~'

important facta are- missed: first, ‘tools must be ready and relativelv -

:> stable in advance of the’ npplication need date; second, the investment

,in tool development may be larger -than the cost to develop a system.

Acomponent through the use of that tool.

Houever,'the tools can be applied'over and over to, in this instance;f
space systems;; Further, some key problems one must overcome to build Q.

tool specific for the Space Station ‘are generic to a wide nunber of -

. by DoD amd industrv' however, integrating previous work with a spnce— 3

The expected life of. the space- station as well as the desire for itv

£ command and con*rol system.» Its function will be node sequencingcand
:>édata collection, but, ‘also, will be the support of huddn cognitive ‘
processing. Requi*ements for such decision support systems are- fuzzy _
-and’ changeable. The use of evolutionary acquisition as a formal stra-

- tegy has proven successful with.the DOD. . Each system version is seen

as a prototype of subsequent systems. There is an intentional abandon~ .

' * ment of the goal of specifying the complete requirements set a priori,

Instead careful long~-range design analysis pust be instituted. This

4results in seemingl) over-engineering the initial versions of a syste

60 as to minimite the likelihood of design inadequacy lnter.

LTI STIRRT, Wi e o el e P T L

,japplications throughout American industry Tools are clearly nroduc—, ;

©-5.1,2.3 Sumnarnyonclusions - .The space station provides new and chal— .

Vlenging problems for NASA. Some of these problems have been attacked

:tr:autonomy and efficiency force the data_ management system to act like a -

e e ra———
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- actions between' crew members and systeas will. change.

Crew.as Declsion Makers — With increased use of microprocessors, .

graphic displays, and automation, the role. of the crew appears to

:“be shifting from that of controller and flight engineer (attitude

- and systems monitor) to that of manager and decisionmaker.‘ Inter~

. Research 1s therefore necessary to (l) define the proper- roles of

. and interaction° between crew members, on-board systems, and exter-

nal systems and personnel- (2) establish criteria on how crews may

. beat cope with compleVAsystems, and how these’ systems should be
‘configured 3 deternine how complex decisionmaking can best be:

k'accomplished in multi-crew environments, particularly under.stress;

(4) develop a better understanding of the causes and effects of

T crew errors and effects of fatigue and desynchronosis on perfor- -

mance.and judgment- (5) assess the acceptance of new ideas and

‘ :technologies and deteraine how best -to indoctrinate crevs into

'b)

7»their uge and acceptance' -and (6) correlate behavior patterns and

‘ psychological profiles withrincidcnts and accidents.

‘Command and Control System - The problem here is how to configure

'_microprocessor and-nulti~-function display systcms to enable crews T

. té ersimilate information readily and{effectively.» Research is

necessary to (1) defide and evaluate alternative computer-graphic.

display'formats for each nission phase or flight profile segment-'E*’
“(2) &etermine'the merits’of using ofctographs for various control »
’\”and monitoring functions; (3). establish guidelines for use of ‘aural’ -
>>information transfer, (&) establish and evaluate nulti-sensor image =
1concepts- (5) determine how the chatacteristic differences between

_cathode—ray tubes and flat—panel displays may influence their se—’

lection for use in operational systems; (6) establish guidelines

>for specifying physical characteristics of display wedia; and )
(7) establish guidelines for interfacing with on-board systems. J"
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\ Subsfstem Status Monitoring/Caution & Warning ~ As shown in Table

“tion.
f*additioual computers,

5.1.2. 3-1 » one additional function per subsystem 1s anticipated .

- and one correapondiug additional computer to process that func-

We anticipate the need for Bymbolic processors among these -
Communications system sizing will likcly be

“adequate 1£ local storage either through RAM dises or Winchester -

Table 5.1.2.3-1 »Subsystezn Status Monitoring/Caution and Wanﬁng N

besed peripherhlu is provided. We should deaign the _8ysten 80 as

not “to pteclude the inclusion of 32-bit processors in the SpPs.

One additional funct‘on per subaystem - )
t:One additional computer per subsyatem——GNC POWER, ECLSS _ete

- Symbolic Processor is a subcomponent of these computers

o 0o 0 o .

Communtéatlons systen eizipg-should be'adequate if local
storage is provided. . ’ .
o - 32-bit processors associated with the SDPs should not be o

) ‘precluded.

) d) )

Development Sugport - Beyond onboard needs, we should respect the . - .
Sone of these o

need’ for adequate software tooling and laboratories.

, rere shown in Table 5. 1.2.3-2, -

T
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' Table 5.1.2.3-2 Dcvelopr;ient Support Needs

Software Prototyping and Deve’opment Environnent
,Test for Distributed Systema‘ .
Intelligent Validation & Vetification :
- KBS Develcpment Environment
Test for KBS
- VLSI Design aids

©o 0 00 o 0 0

VLSI Transition Laboratory

. 5.2' HARD AUTOHATIOV VS INTELLIGENT AUTOVATION

g

,5.2.l AHard:Automation —'Of the two paths toward automation,lthe most familiar -

are those techniques which are immadiate extensions of current systenm
design. These include the physical architecture, the philosophy of
rprocess control/coordination, and functional allocation to an execu-

Etive;’ Some supplemental areas on-a less abstract level are also rele-

CEe vant to space station. These include fault tolerance and redundancy,

- smart seusors, and built—in test, Aspects of these are discussed as -
they relate to Space Station Automation below.

S 2 1 1 Physical Architecture - The space station will nskc use of a-

hierarchical distributed physical architecture for its ADP. Such.am |
- architecture ‘has achieved success in real~-time process centrol; and
properly designed, providcs ‘reasonable flexibility. The énace Station f
_(SS) I0C workbook adopts this approach. The ability to have subsystem

(e es GN&C) busses 1is important to being able to Interconnect the
necessary computers.» ’ ’
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: If the Standard Data Processor (SDP) discussed in the I0C document -

allows for 32-bit processors and the optical data distribution netvork

: (dDDNET)Vand’inteffgce device (ID) are aized_accordingly,'thé'IOC'

’jfphysical'a?éhifeqtuie should suffice. The architecture is shown in -
|- Figure 5.2.1.1-1. ‘ ‘ -
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sical Architecture—Information and Managenent System

tgtribution” is becoming important in asalysis of both - - °

‘phya;dal‘apdflogigal computer»afchitéctures; A distrihuted»syéteﬁdof— .

 :fef8 processing fyegibility; expandability withou
" -ally, size and weight advantages. =

Woikiby7Houey§ell,hasireshlfed in a taxonomy of distributed systens

" with ten elements. These are shown in F;gufé 5.2.1.1-2,

1. Loop System with Unidirectiomal Traffic.

Disadvantages: bandwidth bottleneck.

— ema =
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Complete Interconnection System.

Disadvantages: proliferationréf‘communication 1links witﬁ'proceasqt
addition. ' o

Central'Hemory System.

Disadvantages: memory both a path and atorage.
Global Bus System. ’

Disadvantages; Bus failure.is'catastrophic.>V

Diaadvantageéz syitch failure.is catastrophic, bandwidth bottle— f_
neck at switch, - ) ‘ Do -
Loop with Indirect Transfer.

Disadvantages: node or switch failure is catastrophic. :

Bus system with Indirect Transfer.

" Disadvantages: - System wide bandwidth bottleneck.

: Regular\Network

Disadnantages" impossible to" add Bingle node ..

Irregular Network. .

Disadvantages.r logical complexity of switching processors.»
Bus System with Shared Path.

Disadvantages; path or switch failure may affect nultiple nodeaL

Note that element 4 in the taxecnomy, viewcd now as an organization of

'aystems, ia the least risky. Certainly, care will have to be taken as

[

:f':”‘ijf survivability of the architecture, -

’far as redundant communication media. -This. approach has ceen auccess -0

:;.’1i5 in_ real ‘time applications. Proper.use of diatribution increases the :
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., Figure 5.2.1.1-2 ij'sieal Architectures

s, 2.1.2 Control Philosophy - A reasonable way to view the organization

'?iof the functional architecture is hierarchically. This 1s useful from:
f:at least two perSpectives. The first deals with the cencext of analye-{j,
f~,ing possibilities for. automation. The architecture arranges functions
."80 those most akin to higher level. human cognitive procesges are in the
.1 center. ' _Those most removed are correapondingly repres entative of less,>7:
. :coﬁplex cogn;tive prcccsses._ The second reason for- such an arrangement . ﬁ
Af: ia;the flexibility of the structure.. As the fuuctional definition of

‘,2the_Sbece Station qcves forward, it will be easy to map the identified
E‘ fuactions to the afrangements. Systens ma& be added or deleted from ai'
'f.ilevel or levels changed. Such.a mapping will not 1nva11date the analy—

sis of automation poasibilicies discussed here. . -

e5-13

T Y ‘,«."-"'L' ,,.'V‘
"““"'"-'/"rt-ﬁ!iﬂ*w‘-ﬂﬂ“&mﬂxrh"l;‘ g Lo

R

o d

v b,

W

SE et b W iaean ¢

FEY

[P LR BT D SN BRI Y

G wh Y

PR SRR, TN I

PERLER A T WA . SIS tT S

P RT P

P

.‘;L o g N O OO TP




e, o R

e mdes =

- . f
R R S

e e - -

Ll e U Mer 8441878 L
S f,‘* . e T e November 1984- R B

5.2.1. 3 Role of the Executive - An executive, in the sense of a naater )

- computer from which all commands. originate, will not be needed on the

Space Station. The current notion is that each subsystem will provide
- a service such as, power, GN&C etc,, in response to mission demands.
_ The creW’and ground control will initiate missions and the specific

subsystems will respond accordingly.. As such, there is no need for an

- executive in a control ‘sense, There is, however, a need for-a pre-

o ferred system whose function is to aggregate system state from subsys-

" tem staterinformation. This system could be ground based initially and -

flownilater or could be part. of the crew command and. control software.

A preferred subsystem, such as the status monitoring caution and warn- -

_ing gystem, 1s recommended. ‘At each functional. level in the Space Sta-

"tion hierarchy, one system in the next level would be responsible for,f

,- accepting input from the lower levels and to infer the state of that

» system.' This can continue until the ground system becomes the- logical

i‘ these functions.

: step to aggre*ate system state. If autononypof space system from the""' ‘ e

ground is truly desired then therefmust be an onboard surrogate for B G i

- 5,2, 1'4‘ Fault Tolerance and Redundancy - An example.of the technique

expected to be found adequate for most redundancy applications ig-eross -
-connection. The secondary may be on hot or cold standby, The primary

periodically stores a snapshot of its state in the shared memory for -

';; checkpoints. When the controller reuponsible for managing this redun—"'

dant set determines that the primary is faulty, that responsible con—

troller disables the primary and enables the secondary. The secondary

.} uses .its own data base, which 1s a replicate of the primary 8 data

-base. The secondary begins execution from the state stored in the
checkpoint memory. : - I B ‘.1 S
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The’only redundant nanagenent techniques excluded by the preferred con~
~ troller. connection scheme are function re-allocation and use of a pool
of reeerve controllers. Both of these techniques require, for exacple,
that all system ‘controllers have access to all data from all systems. ]
So GN&C functions could be swapped ‘with ARG- functions because allldata R

t'r fronm these systems would be mixed cogether on the same buses. While

L such connections would provide a lot of capab‘lity for functional re—,

dundancy, 1t excludes the opportunity for enforcement of integrity and- -
security.-AThe’functions for integrity and security could still be per- .
:formed but physical access could not be denied as part of the enforce—~

ment policy since the controllers would not be directly in the physical

:'{path to the lover level controllers. So function #llocation and pooled

;reserve controllers have been excluded from the available redundancy

techniques in favor of the ability to enforce integrity and security’

checks.’ Some of the elements to- be considered in redundancy and fault

tolerance are shown in ‘Table 5.2, 1 4-1.

Table 5 2 1.4- I Redundance and Fault Tolerance Co nsxdemtlons

S

'é All major'subsystems )

o .-Redundancy of all major subsystem computets

o Self—chec(ing and correcting T

— -1Error detection/correction (hamming) for memory

:e,transient faulta_ .

Spare physical memory for permanent memory faults
. Second uicroprocessor for state errors

Third microprocessor for permanent_hardware fault

Yy e gy N
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will be used 4n’ key subsystems, they will not be found in every subsys-

_ tem, Subordinate processors and systems will have the ability to

',status what is controlled and to inforn the appropriate controllers of

4"errors within a’ processor. Built-in—test refers to the" ability to. de— R »

;:_tect errors within subsystems. It implies either the existence of a

. easier and more accurate determination of system state, less software

;Each oF these efficiencies can support additional automation. For

‘~"errors.- Fault-tolerance implies the ability to detect and correct

microprocessor tightly integrated with a subsystenm or a software pro—

gram running in a subsystem controller. Built-in=test should’ allow an .

(test) to be run.in higher level onboard computers and less ground

'processing dependence. See Table 5 2 1, 5—1

. example, by freeing computer space which otherwise may have been used

tg_fadditional software for more involved trend analysis may be run.",~ . S,

-~

'»Table_5.72.17.5-1 Buglt-In Test€baractcr'istic§‘;_,,-; S L 7.1 e

’Supplcments fault tolerance and redundance measures.
,Status systen health
Periodic erecution of diagnostic programs - " . o o ) -
Highly integrated microprocessor - - : "_~‘?t - '; -l : - .
Higher level ‘controller ’ 7 ‘

© 0.0 o o o .

Provides indication of fail operational—fail soft-fail _"

: safe status

Fhoie:

v oo
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5 2.1. 6 Smart Sensors (Integrated) - The effect of smart sensors is to :4

bvff allow a partitioning of basic controller functions between the intelli—

gence within the sensor and within the systen controller (Table .

- 5.2.1. 6-1). This could eliminate the ‘basic controller in some in— {::-
I'\is 8tances, but the viability of this approach depends on . the computing N
b capability included with the sensor. If sensors are smart enough to do
;i signal conditioning, this would.shift part of ‘the size, weight, and .

‘power use out of the controller .and into the - sensors., This unight or . '

Lv-might not be - an advantage for the total station power budget. Moving
R sigusl conversion ‘intc the sensors 1ikewise shifts the location of -

capability without a guarantee of power conservation. However, adding

T

f The use of the term dumb“ in reference to sensors and actuators is-

. important because these devices require signal conditioning and conver—>5'

sion between analog and digital domains.’ Consider a controller on a-
) card. Adding txo I/O cards’ changes the capability. Most of - the size,
- weight, and power increase is due to the signal conditioning and signal

conversion components. This emphasizes the point that smart sensors

and avtuators-—smart enough to do their own signal conditioning and 7.“

e conversion—-could save a lot of the controller size weight, and
power. This may or may not mean a system—level saving for the whole
station, and mass’ have merely shifted the penalty from the basic con-

troller to the- sensor.» PR

November 1984 E

computational capability to sensors introduces the potential to’ elimi- *»'

‘nate: basic controllers entirely. Thus, some savinos might accrue. el T
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'I'ab]e 52 1.6-1 Smart Sensors

o Microprocessors integrated with sensors
o. Pattern recognition in the associated microprocessors
o Signal conditioning .functions in the microprocessors

0 Weight and. power savings likely a wash- . :":7

o Frees higher leVel controllers to run other functions - control

push-down -

| R ) 5.2.2 Intelligent Automation = - - ‘:7'» o e

'5 2,2, l Mission Templates - It should be possible ta rigorously pre— ;“

analyze all normal,’ ‘routine mission elements of the Space Statiom. . ‘The

- results of this analysis can be captured in tables of states,-lists of .
"_procedures, and menu. based templates. For-each'Space'Station systen

'(power etc. ), these mission descriptions and corresponding constraints -

data can be loaded ‘into the appropriate computers.- Joint or system

states, templates ‘and procedures can be made available at the user in-

terface (command and ‘control) subsystem. Then when a pre-planned mis-~

. . sion is scheduled or.a mission element 1is invoked by the .crew, the . .

’essential sequencing data and crew procedures are already 1oaded. Dur-

ing the execution of such a mission element data points obtained at

. - the subsystem level can be compared to the appropriate state vectors o

“and control exercized in accordance with the pre-loaded constraints ‘and

rules. . The mission template generation and execution process: is illus~ :

trated in Figure 5 2 2.1-1.  There may, be significant application of AI

‘ technclogy in designing the minimal state vettor/control set to pre-‘
':" store.L Simply having the.mission elements described to all appropriate
) subsystems will enable reduced ground participation in activities. A1l

housekeeping functions and station keeping functions should be’ describ—
able in this fashion. There is no AI technology used in this mission’
templating approach. Simple use of current software such as table
locl—up and paramcter comparisons to intervals will suffice. There is
no need for an executive computer in this approach as the subsystems
all "know what they are supposed to do.. o
5-18 ‘,f LT
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>, existing interface tools are flexible and general
’ windowing a'td ICON accessible chijects, as well as bi“—mapped displays. St
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7 Soume systen modeling tools could be.hosted on the 0SI computers.

. conld include mathematical models of subsystems or table-oriented sub-
“The class of machines discussed above provide R
Further, data collection::

system state computers.
significant computational and I/0 capability.r

and trend” analysis software may be hosted on the 0SI conputer._

MCR 84-1878
November 1984

These .

This

would aid in solving the knowledge engineering problems for specific =

subsystems at a later date.

lhe hostinglof modeling~and/or data collection softuare on the OSIrcome*.

puters will not require significant additional weight - (in comparison to::\ C

-a machine to. run OSI functions only)- however, power consumption, espe—

cially for.peripheral ‘data storage devices, will increase 10-20%.° Data f_i,c-"

eommunications through,;say, the ODDNET will probahly he adequates

It should be noted . that human factor friendliness for an interface _

costs additional computer processing.
‘should be seen as- moving functions across tht humanrconputer functional :

allocation boundary.”

Fundamentally, friendliness

More friendliness implies more manipulations in

software to create a more- essential or more easily assimilatable

display.;

- The mer
1that is,”
does not
models of human interaction as an’ aid to ‘the interface manawenent soft—l* i

'ware to decide the user 5 intent. While natural lonnuage input ‘is- de- -

to friendliness emphasizesAthe use of~“modeless‘
interfaces which "know" what the user is trying to do.

involve AI except loosely.

This

These interfaces also include

-sirable, a purely graphics based input language would be ‘far mote T f

‘easily achievable.
ICONS, all likely through a mouse. -

The goals of such interfaces are to conmmunicate information to the user -

This would empha ize menu picks and nanipulation of "

" in the most easily usable form as well as enabling a crew menber to

: monitor/control nore variables, suhvvstems, or payloads.

»J considerations are summarized in Table 5.2. 2 2-1.

The aboy

' interfaces,; -
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'.Host some modeling softWare on MMI computer

:>Weight differences will be negligible

Power differences may be become important

o' o 0o o

" pata system sizing probably will be adequate

. Human Factors Friendliness requires processing

IO‘O

Hodeless interface
P C - Models of human interaction
f Strive for a ‘graphica (ICONIC) input language

Te
BeR

_Use standalone capable 32-Bit processor (Sun, Apollo) “

Host data collection for trend analysis software on HMI computer

- e : .

P L I TP
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under development for the “ADA programming language.,

vL, g :5 2. 2 3 Onboard Software Support antronment - The ideal tailored
software environment applicable to the onboard systems probably does

not currently exist., It should include a conpiler for the language

¢

that is to be used for all software executing on the station. -It

:._shouldialeo 1nclude'e‘text editor that is semsitive to the_syntax:of
the_ianguage:so the editor can help the programmer catch errors and -
enforce rulés'for'etructﬁring>programs., The environment should hide -

R fromrthe programmer eny dependencies introduced by the level of con—-

SRR troller, which 1s the target upon which the software is to etecute.o
- - The host computer, upon which the development environment etecutcs, )
; ji should provide enough run-tice facilities to allow the programmer to f
i debug code without: having to download into the target controller watdl

late in the debug phase. Such software deve‘opment envirenrents are

Cmd sty A 4 b ——— 1
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_VEAS a separate issue, the maturity of ADA is in question. Validqted
; - .coupilers are not widely available. This calls into question its
7 .choice due to additional risk. A better choice at this time would be
‘11ﬁe b*ogramming language C. 1Its flexibilityrand efficiency are well
- ;known, and 1: is particularly suited to operating system softuare and
_f o '_'real-time systems. Its support envtronment is well known--UNIX--and
» ' UNIX sqpports many AI tools. However, ADA will likely be’ used ‘if 1t 1is

fava;lablgrand sultably mature.

- The above considerations are summarized in Table 5.2.2.3-1. .

' Table 5.2.2.3-1 Software Development Environment

o ‘S;ﬂgle7H0L for entire space station
o Single HOL for space station life
o ADA mayrﬁe too icmature
: .= lack éuppoff environment ' :_d,”
S | - 'compiler;development.éurrepti&llégging .
: . o Consider "C" o 7 o .
I - ., good, for operating system development
- tallorable '

- :solid support environment,- UNIX

- »supporto KBS development
o Require rapid prototyping or testbed aids for preliminar;

- checkout
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*5.2.2.4 Top Level Advisor - In contrast to the mission template-ap-

-, proach to automation, there 18 need-for, eventually, a top level ad~ 7 C e
This system would be a subsystem of the space station and ’
Likely it would have

A : {visor;
R .; reside on its oﬁn interface device to the ODDNET.
[ ﬂi T “several computers each with significant aomounts of main and peripheral

storaoe, all preferably solid state.ﬁ If the space station 1s to. be

autonomous from the ground, it need° a subsystem vwhose. function is to
RE ) : _'iact as ground surrogate. While nmission templates would allow subsys-
l . tems to know what to do for a mission component, the top level advisor

;would plan and schedule mission components. Figure 5.2.2.4-l,$hows'the.

i
iy

—

RPN ’.components of such a system.
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) _ Figure 5.2.2.4-1 ;Cr;on»tpmxcnzs of Top Level Advisor .

eang 4HS Suheamporent

i:a);HSyatem Status and Warning'is reépoosible for aggregating the over-

all aystem state“from the subsystem states.

and payload/experiment monitors are compouents of this CPCI
major subsysten state determinations are performed by- the subsystem’
* software 1tself.

system nonitor.

itself. .

The computer status

The ‘subsysten mooitors.,'

“The’

coaponrent 1is a preferred sub-
It accesses status of the core system environment

It may caose supplemeotary heuristics to be invoked or

" meta-level constraint data within the. status and warning master.

See L L eemamee
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b) ‘The communications understanding cec manages data and’ message traf-ji: i

o traffie 18 primarily performed‘at_theAappropriate other CPCs.

LThe design approach to the data management CPC offers some cha1—> '

,;E‘by its: design philosophy. A likely role- is as follows. The data
"”management CPC corresponde to the Operating system functions of a -
‘ 7~lnon-distributed system. Additionally it has assaciated with it a
. large chunk of fast memory (cache). . There will also be a semantic.
:>linker running in this CPC whose job it-1s to aggregate plans,_
schedule status and projected status of the space station’ into a -
coherent whole. This is not to be seen as an executive’ function
‘with optimizing/modification duties; but rather, a2s a means of :
pooling knowledge which will be heterageneously represented. THef
‘7,data management CPCs mission will include giving knowledge in the - >7
"appropriate format to the other CPCs._ This should minimize CPC-CPC
; - 'traffic and translation subfunctions within CPCs. Further,’ queriesrﬂ
'iby the crew to the system will mainly go to the data management’
.. (pM) cPC instead of interferring with normal activities ofﬂthe' -
" other CPCs. If the-data management CPC becones instead a‘rela-;;
ltively dumb’ periphcral storage controller}Athe complexity_of the B .
.cqmponents-of;the other CPCs will.increase. Furtherrthe'need.for::
péC4¢PC communication will go up drastlcally. Note that the:roleu;>
f:,lof:the~Dﬁ ceC is:a54a‘meta;blackhoard'for:the.many;KBS components.;uu

d) The mission planner/scheduling will plan and schedule short-term

' ?i'date schedules/plans to achieve a approvable complement. Further,~
S other CPCs may need to’ request running planner and schedules to
determine how their actions could impact the master schedule/plan.~-x
- These requests wculd reoult in potential plans/schedules which

- would then be compared to the currently approved plans/schedules.

Sl et e el

et § e TS

-
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fic”within the space station system, Semantic processing of ‘this ',,lﬁ;_fﬁ;

and long-term activities._ They will likely generate manby candi- - »
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.e) The resources monitor/scheduler monitors therspace—station expenda—

bles, plans their use, and achedules the plan as well as resupply::‘_f'

" requests.

’-ﬁ)r The control execution momitor's job ig to determine 1f the control

instructions prepared and sent out by the various CPC components

- have ben carried out.

'5.2.2.5 Knowledge Based Systems Subcomponents — Scattered throughout
o the space station software will eventually be KBS components. They
"will be used for systen fault detection/isolation and for embedded

status monitoring. The fundamental structure will involve.a sequence .

:of sensor/actuator, A/D conversion, state comparator, rule base inter-

’ pretation, and, if necessar}, confllct resolution through a knowledge

base (Figure 5.2.2. 5-1). At lower levels in the systen, very little.
dependence will occur on the knowledge base. Once fixed, the state

7 1,comparator and rule base will be accessed most then and this activityl
713 similar to. data bage access. They w11l be mechanized as tables

within a data base. The KB will best be run on a symbolic processing

machine. The other components can be run on normal computers. The .

- higher in the functional hierarchy one moves, Lhe more complex and

:,’important becomes ‘the KB.

EIt is presuded that these will be a mixture of conventional data bases
:and KBS data. Only hBS or only conventional data canunot be afforded

The next section speaks to this issue more directly.

5-25
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ACTIONS (To Actuator or -

Sensor/ ‘Analogue to T Rale CONFLICT
" Actuator

;/////’;,——a- “Other System)

\ o~ Knowledge
'Digita1 Base - Base

| et v ams Wt i s < 4 e

~ Figure 5.2.2.5-1 S_ymbolic Manipulatimi Boundingr

: expianation of why parts of the procedure are being done.

- INTERPRETATION

- . S SYMBOLIC . ..
.~ CONVENTIONAL SOFTWARE |', MANIPULATION

"l,".

5.2.2. 6 Data Base Effects - There are two aspects to data which are

generally confused in everyday discourse between humans but which be-

_come important,in software design, ° These two aspects are intensicnal -
: " and extensional ras'shown in Table 5.2.2. 6—1. Intensional data*cap—

* tures the meaning or intent of data objects. It may be considered data

about facts S. . Extensional ‘data focuses on description 0. processes or
world objects. An example of extensional data 1s a description of a

maintenance procedure whereas the intensional data would. provide an .

KRnowledge based systems focus on the'intensional aspecté of data and

" require data basés containing intensional information. "Control systeas A

focus on the extenvional aspects and require data bases containing ex— .

“tensional information. " Both kinds of data base will be present in‘the

space station. It will be: important “to be able to coordinate between

these data bases. More specifically, one cannot expect to use an ex—.

"tensional data base for intensional based inferencing or vice versa.'

It would be difficult and wasteful cof effort to duplicate ettensional

data within an intonsional data- base.

B e s et R e IE DIUIE IR S c St e ey

-




et b et ey a4

{ o LA s

A

i M e e g

j -

S
awr

B L —

’ , : - _ MCR 84-1878 .
) - . . November 1984-
Table 5.2.2.6-1 Data Base Effects

TNITEL DN MUMAT ALTIVITIES, WE GENERALLY **1/ TmESE Twl AISECTS OF S&Th.

L - O el
LA - EXTENS L':""k .
AN WA . i DescriFTION
1 - - ’
SATA ABTUT FACTS Facts
ETA-10DELS MansL
ELAOLE EYANPLE
i E/BLANATIN GF wmt BASTS 0F Tef DESTRIFTICN £F & “AINTENANIE FRIIELUKE -
FRZCEDURE ARE EEING DONE - -

;75 2 2.7 System Integrity Management - A key function of a top level

advisor will be system integrity management. This refers to a level of
. system state evaluation and control above fault. tolerance and redun-
‘dancy, or power system management. One may imagine_a set of layers’
(Figure 5.2.2.7-1) of space station'mddes. Each consists of a rigor; s
ously pre—analyzed set of responses to various combinationa of ‘state.
conuitions which one may obtain. If}armode is in force then a system

state would provide one set of stimull to the subordinate systens which

PR

may not be the same as would Fesult if another mode was in force. .THis

capabilit} would allow minimal housekeeping functions to be performed

1n a crevwless condition while cut of from the- ground In the event L e
" crew or ground personnel are available, the top level advisor would

function as-an advice»giver only., There may be some utility to apply- ii

hy ing Al,techgiqueé in the construction of these /layers.
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| Top Level Advisor -

Flgure 5.2,3-1 shows each of the automation téchniques we have dis-
gusééd>so far. Generally, the hard automatiou techniques can all be
,impieménpéd‘inrthe,pear tern. Some of thefintelligeht techniques which
. focuéron use of:conveptional softﬁaré‘approaches but fequiflng extenf'
7 B sivergnalyseskéf the problem domain are ready.“ln a further time frame
- V.urir_.;-g (5-10 years) we-foresee thaf the knowledge based techniques could be
;; -+ . ready as wéll~éé highly-integrated sensors with extensive pattern ~ =
:%ii *211.:{A - fecogﬂitionksoféware.;‘Much of the hard automation approaches applyitb._
o : >iow:léjelrsysféﬁ compﬁnépés whiiérthe inteliigent,ébprbacheé aﬁfgct ;li

higher level components; This should nbt:be surprising as the knowl-'.

edge bdéédrtechniques autonate higher level cogn;tive.processés;;,The‘:~-
cost to implement column in the figure refers to a per unit basis. -

Technology rigk'for the hard techniques is low and becomes high for the -
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- Interface ' :
= . .
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Figure 5.2.3-1 Summary Comparisou of Automation Techniques |
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There are roles for each automation approach. We should not ignore the

.knowledge based technique° Just because they fnvolve some technical

‘risk. Payoff 1s in the areas of fault tolerance/redundancy, built—in

test, mission templates, top level advisor, and KBS subcomponents as

they directly affect crew workload and autonomous operations.

» <off.: Thc intelligent techniques should be implemented as well and the

-5.3

5.3.l;

A - is currently for say, the STS. e L L

. KBS approaches commenced 48 soon as possible to drive their maturation‘

" AUTOMATION ASSESSMENT

Top‘ﬁevel'Advisor> .">“ - o S S .ol

- 5. 3 1.1 Staged Implementation - It would be plausible to consider a ;-
' staged approach to providing the ultimate configuration of space sta- T

tion data management systems. Initially all knowledge based systems

- will be under development on the ground in a machine optimal for devel-

opment of such software. Figure 5.3.1.1-1 depicts such a’ step, - possi— .

ble in approximately 1990 The ground personnel would provide “the'

i _functions we have previously described to-be performed by a top level

advisor{ That is, initially, “the role of man . ‘on .th ground will be-as 75:“1

‘f; The next>logicaljstep would be to‘host the various topelevel advisor -

and’ subsystem KBS on their target’ architectures. The subsysten compo;-‘¢:

nents will be hosted on boards as elenments of the Standard .Data Proc-—.-
essors (SDPs), (Figure 5.3.1.1-2). The top level advisor would likely-

require several computers sharing a local data bus. One of these'com—; ’

puters would likely be a symbolic processor much like a SYMBOLICS 3600.
An additional likely conputer for the top level advisor would be ardata

'base’machine such as an IBM 500. . .It is an open question whether large

- peripheral storage of data necessary "for the top level advisor is best

. 5-30

t -

7 Certainly, the hard techniques should be implemented for near- term pay- ..
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i; kept locally or accessed through the ODDNET. - This issue would be re=- . h
i solved after the peripheral storage requirements are established. The ’
4 - ° T N L. -
] . functlons running on these machines or the ground would perform as ex-
4 T e e J - X - -
!”7 . = - periments.. Ground personnel would sti1ll be prime for such missions - - Sl
| s '. elements. . T - :
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- - N N —~SUBSYSTEM FUNCTIONS
. ; ) ) " —DOES NOT USE TARGET - :
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7 " spact o - T T,
. . . SUBSYSTEN; t‘:_:( . : :
) i FUNCTIONS  CORE FUNCTIONS -
: o S B ') T ) - :
: | TRAcK .- " —RUN AS EXPERIVENT ~ .
! - i  oop s . © — TARGET PROCESSORS - - _
: LT - S —~MAN IS PRIMARY . -~ "o -
: S " n L - —CONTINYING DEVELOPMENT °
R ODONET - -
: , MCAT SoP LEGEND: ODOHET- Optical Data Distribution Hetwork
: - MCAT- Man/Computer Access Terminal .. .
: - . SDP- Standard Data Proces
S TERMINAL - 10- Interface Device R
.- = SuBSYSTEM ) SUBSYSTEM DATA BUS 3 . L
‘ : - SIHULATION . l - —- - . T
: ' - = DATA COLLECTION g o T AP
- - "= TRENDING.(SIHPLE) ~ [CONTROLLERS T TS ST ST -
’ Figure 5.3..1.1-2 SysténiAutonmtion Ez{ohttion—1992 - T R o "__ ) )
The next figure (Figure 5.3. l 1—3) shows that we would move the sub*ys—
| tem component., up- during the next three years, - During such time, the T
f crew would monitor closely the activitieq of these componc.nts.r We an-
, ticipate much higher confidence in the top level- advisor functions dur- N
Goo s 1ng this- time even though it would. still be run in- experiment mode.and . .- .. ]
; ) glound personnel still prime. _During this- period careful - attention e s
- j will e -paid to the standard mathematical optimization and modeling -
; I software supporting calculations—of schedules,{'docl'ing maneuvers, Te~
source expenditure, etc. A kev question will be to what _extent- ver— }_"_7
sions of these models can be intcgrated with the top level advigor. It -
hS - s S
P S £ desirable to H*ve this conventional planning ‘and predicting sortware L=
b . L
R available to allow mathematically trying out KBS systems.
1 - —
i . : - . - . .
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. = TERMINAL
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- ~ SUBSYSTEM SIMULATION §

- SUBSYSTEM DATA BUS ‘
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= TREND ANALYSIS -

- . |CONTROLLERS

SUBSYSTEM
KBS

-~ ONBOARD EXPERIMEN
— MAN IS PRIMARY

thure 5. 3 L1 -3 System Automation Lvolutton——1995

1nterface device and SDP.

level advisor cission., .

:top levelrad\(isor's target architecture onboard‘ the space station
'(Figure 5.3.1. 1;4)

We should consider it as- a separate st.bsystem
being off the main space

station data bus.

During: this time it would be run as an on-

" . board experiment- ground personnel would still bx. primary for the top

At this time as well,

CORE FLNCTIONS -

- =RUN AS EXPERIMENT . e

"= MAN 1S PRIHARY . LT
=~ CONTINGING DEVELOPHINT b

‘ ucs-«o ODLHET- Usticel Data Distritution hetwork

MLAT~ Manffomzuter Access Terminal
SOP- Star_ard Data Terminal
10- Interface Device .

IA short time efter this- last stage it should be possible to move the

.components of KBS would becone an accepted part of the space station - S

data system.

It would require its own .. .
we expect the subsystem
S : ot
; o - )
'_ T "':f‘;i T "'f‘j“\"”‘ TS
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: _ | By 1998, it should be reasonable to expect the onboard crew to- perfora
. ~ - ' .planning, scheduling, and atatus monitoring functions with the ‘help of
L - the top level advisor (Figure 5.3.1.1-5). This date could be signifi-
] : cantly 1mproved upon from, say, 1996 if there are no development prob-
1:' ' lems nor any aignlfican: knowledge engineering problems. By thls time, _
1 - - N - -
' . we anticipnte that the functionality of the subsyatem KBS componcnta R
could be updated ta better reflect procedures and deepe: undcmtanding '
+ . c.
; ] . . of space atation systezs
i ! - -
i ALY
L o ‘?-7': o —PAN {5 FRIKARY
Sl o sract . : oo . =CONTINGING DIVELOFMENT
. . ~ rhe -
- : . o e
; - . _ - ({1234 4 .
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&
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WAT - - ] s o3NETe pticat Dats Disteitution Network
- = MCATe Mgn/lgeputer Rrcess Termingl |

- w—

SOF- Standard Data Terming

= TEFMINaL ) [ .- 10+ Interface Device
(= SUBSYSTEN SIMAATION § ™™ “<(aurstim DATA 8U5 3 :
= TREND ZRALYSES ] -
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e . -
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= UPSATED FUsCTION

" Figure 5.3.1.1-5 S.)"srcm'_Aumma!ioh Evolution-1998

‘Finally,’we'forescc the space afptiod duboard systens to include fullyr
integrated top level advisors énd-uubéyetcn conponents (Figure 5.3.1.1-
"6). These would function in the mode of supporting the human crew to
the extent they wighed snd managing. the apace station vhen cut off from )
ground or without crew. Preliminavy ggg}y§gs show that there ghould_be
Vlittie'i;paét on data'ccmmuﬁicationé-within ihe spaée station tﬁrough

’inclusion of ‘these systems - presuming adequate local data store ac-

’ cessible without tasl'ing the zain data bus, .. - - . L
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: - CONTIN P -

‘ 2osE FONY!NUIhG DEVELOPMENT
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i TRACK
I - -~
} .
i so0
! D ’!
: - Juceting
K - en ww e
: HCAT 0P | LECERD: 0ODET Optical Data Gistribution hetwark
i . T- Man/Computer Access Terminmal -
! - SDF- Standard Dsts Terminal
. ~ TERMINAL 10-

Interface Device

1 e Bt ety

5.3.1.2 Top ievel Advigor Automation Approach - The top level advisor

. will consist of several portions as discussed previously. ~The way cach
: of these éoqid'ultimately be implemented 15 ‘shoim in Figure 5.3.1.2-1,
! - -Tﬁe sysﬁém atatus-and warning components are showﬁ ag expert systems or
f - 7» - 7.fi'ﬁportions of expert systems.. The flgﬁte lists the top ievel advi&bé

! - element in the far left column, its proposed conputcr processor needs, --
. Tfthe degree of: complexlty of the automation process, what form that =
. l automation will take; and finally, in chc far left column some com~ -

B X e

; o s "ments. Th° system status and warning monitor will couaunicate with’
lower level components and, at this level, be responsible for aggregat-

. ing total spacc station statua. There will be a preferred subsystem
status monitor which looks at the status of the conmputers upon which

SO . the top level advisor is resident.

YT

e e b birm -
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The communicationa component can use standard keyword. -command, and PR

pattern recognition software techniques to process commands to extract

their semﬁntic‘aupects. Proccssing speed will be an appropriate method '

' /of 1mprov1ng performance for this elegent. . ; Lo

The data man&gemedt compouent of the top level advisor-needs a genantic .
“linker portion. This would be a large "blackboard” in planning par- _ - - . &
The conmon ébiking menory of the top level advisor would be

One approach to its construction would be to

lance.
nmanaged by thié element.
-analyze in detail the space station and build a model sufficient to

-well define inferencing about 1it. This could ‘be done 1f we presume ‘a’

stable configuration, As this 1is not pousible, we nust adopt a pore

flexible'approéch and provide for additional as yet undefined compo—i

nents of such a nodel expressed using knowledge representation tech-

- niques as yet unspecified,

5-37

-

om e TR



T

SRR A o

et

I
S At X el

e

-
s
}

At

BRI~ e

RN

A T SOV T MR AN AR Y Rexeieafn”

MCR 84-1878

November, 1984

Monitor

. Automation Automstion -
Component Location Level Batis Commcnu
~ Systemn Status & | — computer H expert system Responsjbla for aggravaung end m'emnq
werning processor system state from subsystem states,
- symbolic Hots sthere may be one mferencn enging
- _ processor B for these pam
Subsystem monitor | — parraltel M expert system -
1.2,...n procassor components Hote : s distributad expert system’
- — symboltic LT~ LI1 2T ] Active, full blown expert system lower
A processor m srchitecturs
paylosd/experiment { — parreliel L expeart system
monitor . processer compononts
R A — tymbolic =i T
proceszor .
computer -~ computer M expert system
status " processor .
— symbolic
processor .
- Commumcanons - . T
l.ocal - — computsr - L — High speed existing technology -
- processor R - . .
tiyers — signal
- - processor
ground - -
~Data Mamgement Data M Semantic Linkers | Note: 8 large blackboard with utilities
. - Computer B BN L -
— Mussion Phnner — Symbohe H Planning _
Short tarm “processor - ..
Long term - computer H Deep Reasoning
- processor ST
= Mission = parrsttel " - Planner
- Scheduler processor = Optimization
— computer - Techniques
processor
— symbohic
R processor
- Resourcs — data processor L - expert system tied to system status & warning
Monitor - computer ) ' - . N
o processor T -
- Resource — Perrallet M — Planner el
' Scheduter - processor . Optimizstien
~ Symbolic-. Techniques
parocessar . ’ -
~Control — computer L - - - - N -
Execution processor T_v-' L B

Fi l'mn’ 5.3.1.2

I AHamaMcAuMumunuluTh :?

" with all other top level advigor components.

A

'»The mission planner uses high levels of automation and must interface -

and deep~reagon1ng technologies.» Planning 15 obvious but the deep

-reasoner would allow'chécking out a candidate plan.

The migsion sched-

ules would congist of a planner and a set of classlcal optimiiation

techniques..

The scheduling planner would sequence outpdt from the mis-

sion plannei:aqd consult standard data bases to derive a time cohtgxt“

.for the mission elements.

e

T ,.,‘rA .
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The regources monitor and resource achedulea basically will use low to
mediun complexity automation approacies. Resource monitoring on-a
resou:ce-by-resource basis is a atraightforward comparison of a param-

"7;>eterlvalue with an acceptable range, If wo consider resource optimiza- .

- tion ecrOSBEthe'apace station as'well as the corresponding tradeoffs of

resource allocation to competing subsystem users, there 15 a much
1urger problem.. AL techniques will in all probability be called for. -

The control execution monitor sinply checks that the action ordered by
the ground the crew, or the top level advisor has taken place. Con-
ventional techniques will be aufficient to accomplish this element.

5.3.l.3 Coopereting KBS Components — The previous section implicitly

called for nakieg"use of various artificial intelligence and conven-

" tional software techniques in a cooperative manner, Figureis 3.1.3-1

points out both where advancea in techniques are requi;ed and where..

‘sone cooperation may OCCur.

~ Except for. natural language ihCerfeces; the -components column of the

figure or@ere the techanologles by speed of execution. We have noted

where complexity and size factors impact the components.- The technol- -

"~ ogy needs,'whererﬁnoun, appeér in the rlgﬁt-band column.

- ; The aearch epeed and organization of rule baﬂev vhich encode heuristics
" will be import&nt for expert ﬂystema.r knowledge base management and

] >heterogeneous rcpresentation within a single expert system will be im- Lo
» ‘portant.- For planncra, the . computational speed ‘of the ihference engine

‘will be key as well as techuiquns to 1mprove speed of access to higher
order lanouage (HOL) based aoftware--especially databases. Of course
sementic relationships between HOL databases and the planner will be

. important.

539




LY
Sl

-

Ane
g

G

i

o

e
<

PP

ror W e T B

,  MCR 84-1878
L ’ November 1984

Slowsr

. Technologf ‘ Components Complexity | Stze ~ Needs
. Expert Systemy . Heurstics (rule base) X search speed
- } World MOdel (K base) X .

K8 mgmt/heterogencous
- representation . -

inference engine ;
data base - . .-

Planners . |- Rutebase T - ) i N

Knowledge base - - )
inference engtne ____T-].. - X - R computationsl speed R B
data base . . - X access speed/|/F to HOL

xX X

-1 {speed) (semantics) -
Deen Reasoners Rule base x - . -
Knowledge base - X X K Engineering toofs
Data base X X 1/F 1o HOL
{nference engine X’
7 Learning Sys(en-;s . Rule base X X Cognitive Paradigms ) -
& Prediction Knowledge base X X - Domain paradigms ** ---
e = Dats base X Many components ~ )
" cooperating engines
" Inference engine X - P B
* Natura! Language Rule base - - X " o
Parser - . - KEngineering tools
- - .~ " Knowledge base X . -
- - . database - . . . X - )
: inference engine - - - Speed of pracessing -

i Figufe 5.3.1.3-1 Structural Attributes of Al Tcé{mo[aéy Base

Deep reasoners will require significant knowledge engineéfiﬁﬁ'gupport

tools to successfully baseline and manage the rule base. We anticipate’

that the conventlonal data bases supporting the decp reasoners will .. -~

have to be carefully interfaced. .-

Learning andubrédictibh aystemé:need nuch development work. We cur-

rently 1ack:thé cognitive procésslng'paradigmu upon which to found an .

adequa;é'approaghAto.knowledge engineering for tﬁgse systems., There is -
a reqhiremen; for dowain paradigms and éppéopriate‘models>in>the apbli; V
caiion areas of these systems. - There are iikely‘to be many intelligent
subébmponents of learning systems which would use cooperating, 6fcbés-
trated inference cagines acting on éeparate gbmponenta of the knowledge -

base,

In.natural language work, the<ﬁeed for knowledge enginecering tdblé 15

- evident. Natural:language for command and control will drive up'the

‘requlired speed of processing in such systema . This will in turn drivg

* up the speed at which ther;nference engine must work.

S T T
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: One can envision how these tecﬁnologieswéould'cooperate. The learﬁing
. and prediction systems could rﬁn in "background” mode to the deep -
reasoners, forming hypothetical world models and long-range prediec-
‘ Eions. The deep reasoners could run in a similar support mode for : LIy
. planners, The deep reasoner could pre-analyze options and validate - -
.candidate plans. This would require a loose coupling between the two.
Planners could perforn a éimilaf function for expert systems by embed—

ding theit resulta in a time and event ordered structure and therefore','

T . evaluating thoae results.

5.3.1.4 Comments on Rule Structgﬁg - Accept;ng-the premise of distri~
" _bution of KBS compoments throughout the functional hierarchy of the*>'

space station, we should note that theré will be a noticeable differ;~>
ence 1n their rule structﬁreé. Figure 5.3.1. 4-1 is an attempt to 11~
lustrate this. At the lower levels of the functional hierarchy, one :7
anticipates simple rule structure very close to algorithaic structure. .
. At higher levels the relations used.in the rules will move closer to
ff'; C common language ugages and less_iormal definition. The objecta disf
' ~cussed in the rules will be mo;g_highly aggregate. pr example, at
_ lower levels, rules would contaih Qatiqble pémesrextensively, whereao»
- at higher 1évels>we would-manippla;e misaion‘plans or complete setg of
-'resource allocafions. Further, we anticipate an cvolution in each 6£_>
- 'these rule eets towards the more- highly’ aggregate objlects and lees
S well—defined relationa ("good" is an eaample) throughout the space
”:L;f;} station life. i '
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Early

Later -

Subsystem and
payload sensors

if variabla (1) > 100° and variable {j)
< 2 then set warning flag

if variahle (i) > 100° ond verisbla {j) |
< 2 then check condition 4 and if
condition 4 is on and varizbla (kj = 4
then switch to beckuep efis shut down

subsystem and

"if warning {lag on system 12 and

" if warning fl2g on systom 12 snd twitch

paylosd mensgement | condition 4 is on then evaluate trending to backup st tima (ister) then status
3 “ | .predictor 2 (tp2) repairs/warnings tila and evaluate 1p2, .
. ’ if tp2 within bounds sot flag else shut i if tp2 out of tounds then initista plan
- down -
system of _ if status normal then check regairs/ if feilura predictor says component 12 .
! subsystoms warning fila, If change then evaluate unsteble then plan backup and inform core -
mansgament change and initiate plan, functions of predicted parformance pfomes

for pext tims interval

cord functions ~

doving in Towards Conter of ths Redial Architecture

if mission event scheduled sttime t
and power sysstem status is normal

. and system (i-j} status is acceptabla”

then initiate event planning. If event
plan element is type 2 then run
resource model. If resource moda!

if station pertormance model 15 acceptable
and mission plan element 12 is noxt then *
predict succe-s of mistion plan slement 12
and plan actions to essure succe:s > pood .
and update long range station support .

<:

- plen if resources will ba expendsd,
. _ 7 | results zcceptable then penerate . . co
B - instructions to subsystems _

thure 5.3.14-1 - Varymg Heuristics W:II Change the Rule Stmcture :

3, 3 2

. power subsystem.‘

Other Szetemsf' : : _ ) R L

- 5.3.2.1 PoﬁeriQ‘The,role cf KBS in’tne powertsubsystems will be in the:

area of load management, fault detection/diagnosis,Vorienergy gtorage

management. One additional conmputer ove® and above those required to

provide power subsystem functionality would be flown in the mid-1990s..-

This system‘wouid'contain temolates, diagnosis-proceduree, stored vari-
able patterns and KBS components,
It would be hosted with the power systen SDP. - The

.computer s basic function would be data manipulation although we envi— '

-sion some 1imited mathematical modele being run to support evaluation
“of alternatives.‘ Its software functions would include a conventional
data base oriented templat1n~ system, an expért system’ for fault diag—
nosis, and one or nore deep reasoning components;, One of the«e deep
treagonere would attempt to understand - the state of energy resources and
storage systems with respect to what is happening elsewhere in the
space gtation. Also, a reasoning system would'attempt to understand
power loads’from a similarly "large" view. They would communicate with
the- top level advisor, first through the communication system when it

138 on the ground and, later, directly. The actions recommended by

‘these systems would be communicated to the crew, ‘when preoent for

L g

Its function would Be'monitoring~the‘
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.- Epptoval;for to the ground whenfthe view is absent. Should the station

be in fully autonomous mode due to exceptional circumstances on the

. " ground the recommendations would_be executed autozatically. This is
SRR seen as crucial but a rare occurrence. The more these systems are used
and the more their rules eﬁolve; the hiéher our confidence in automatic -°
operation will be. N - S o

The hard eutopatioh aspects of EPS autonomy will depend upon embedded
- - microprocessors. There will be an EPS controller whoge job will- be to‘
_coordinate mode commands and- aetpoints to other systens and to its sub-

ordinate embedded controllers. This is-well within current state—of—

. thé-art‘for micfoprocessors. A good discuaeion of how these microproc-
essors could control the EPS is given in a recent Honeywell Study
Lo "Automated Subsystem Control Final Report" Vol 1 1/84.

5.3.2.2° gneC IR _

. *Rﬂf:t#tk**ﬂ*9‘:****#**#*ﬁk##i{*ﬁk***;“:f:*ka:*##kﬁk?‘.‘f:*f.‘ﬁ:‘:****ﬁ*f:ﬁ'k*ﬁ#
: ' #% HOTE ** '

The original objective for subsystem assessments included
Power, ECLSS and Data Management, as shown in Section 1,0 -
and 4.0 herein. - However, duc to a greater amount of source
materlal "available for Guidance, Navigation and Control
(GN&C) ‘than Data Management, the decision was made to re-
place data managezment with GN&C for this portion of the
o . ) -.* automation- study. oo
2 L N *ktttf*ﬁfkkR*k9Q*R*R*ﬂhs*ﬁﬂkﬂ*f***t*#*k?aﬁ**kkﬂx*k***ﬂ**kt*kka#‘{1‘

IR R E R LS
N R EEEER

MEL s 'f',f‘i: ,‘jThis systen hao'the responsibil;ty'for managing'the sensing and acqui- .-
o L ‘eition of'information, computation, and actuation required to provide

position and attitude control for the Space Statlon and to point its

"1 ? " solar arrays, adiators, and payload mounting surfaces. The GN&C sys—
) . ; - tem will interface with the Informatioa and Data Management systenm,

-
43
=
Y
3
E

, ) ' Communication acd Tracking system, and Propulsion system to perfornm

‘_these functions. The GN&C system will also manage the traffic control

Y
T

P - o function and ptoximity operations. GN&C support will be provided tort
;‘E{l' El‘ - the payloads attached to the station’'and to the station traffic.
O F T

NI S,

&1%};4)'. #,
.
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?,‘ "The key approach to automntion in the GN&C syoten is through hard auto-

" 14n accordance uith‘the functions of 1) navigntion and traffic and .

"The role of KBS elements for GN&C may well be reatricted to atatus - R

v
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’nation techniques using error detection, redundancy, fnult tolerance,:
_and’ extensive built-in _test. Reliability is parasount. Eniating tech-

niques will apply, although significant work in refinement of the con- ..

if?s.trol lawa for flexible gtructures of the size of the atation will be
.’»1,needed.. Also, cureful attention will be néeded to control a formation

5 of spacecraft during rendezvous and docking maneuvers.
‘Current thinking foreseea tvo:SDP conponents for the GN&C'Byoten split-

C-2) guldance and eontrol- There will be need for multiple conputera for

‘-iz,each function and the capability to run the functions of one aubaynten

on- the other. ‘If we can validate an adequately detailed control law ‘ —A'

) -»model during ground ‘or flight test, it will be advantageoun to fly that
E ;‘*model even if control is maneged through simplified forms of the lawa.,

monitoring or perhaps traffic analysis and control. Traffic control is

‘80 important that it is more likely it will be run off-line and contin-
P gency plans loaded ags templates, - - : o ’

- 5.3.2, 3 ECLSS - The. ECLSS will primarily function as a closed nysten )
VJbut will’ require resupply. As such, it will be a reveneretive, par- '

) " tially closed system. We foresee a° eoupletely cloaad systen as a goal —él,f
» ':'of the advanced space atation.i The ECLSS will control atmonpheric

'f pressure and composition, module temperature hunidity, atrospheric

- revitalization, water management, and metabolic waste management.

' Significant hard automation based approaches willrbe used in the .

ECLSS. - Fundamentally, current industrial'proceas control. techniques

ﬂﬁill‘be necessary. The controllers nust manage the processes and the

P
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~ backup control. The automation shodid'also increase system availabil-

ity and reliability by constraining 1ts operation to the proper perfor-

~ mance envelope/domain.

Dependence on reuseable resources may be reduced by integrating control

of the ECLSS with nission planning from the top level 3dvisor and run-

ning- Tesource utilization models.' This moves us closer to the use of -

- intelligent automation.

Thefekis‘little'cleér need for KBS elements in the ECﬁSS. Statua‘noni—'.:

toring up to the top level advisor certainly will occur together” with
some coupling to mission planning and scheduling. In general however, .
its inclusion is not crucial. ’

Summary -. | . _.,f - . o " i ' 7

5.3.3.1 Scarring - Table 5.3.3.1-1 shows some of the scarring or de-f
sign aspec;e needed to accommodate the automation-techniques:we have

discugsed.” Detailed analysis to solve these 1ssues was.not within the

scope of this effort.- It is clear that the space station nust accommo-— - -

date fault tolerant computers at the subeyseem level as well as redun-

rdant computers‘hoeting key proéeéses.r As fault tolerance makes use of.

. Hamming codes” we ‘should be sure to oversize the subaystem computers to

nitigate the eypected performanqe dcgradation. The use of periphnral

':;memory accessed -through the ODDNET is reasonable. Sizing of that store

can become important depending on functions and data allocated to it.

’Thts points to the need for extensive performance prediction aimula-

tions. We should emphasize discrete event type sizulations 1nstead of
queuing theory—based methods. Systen trans;ent state performance/-
response is the key area to investigate vhile queuing theory dethods

focus on examination of the steady state.

-
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Table 5.3.3.:1-1 Scarring and Prioritization ‘ ] . 7
SCARRING - - - - =~ . PRIORITIZATION

.- SUBSYSTEMS USING FAULT TOLERANT COMPUTERS - PERIPHERAL MEMORY ACCESS
- ADEQUATE SIZING OF PERIPHERAL MEFORY ACCESSIBLE - TOP-LEVEL ADVISOR BRI
_ON THE ODDNET - - DEVELOPFENT SUPPORT TOOLS

EFFECTIVE USE OF TIMESLICING FOP MEMORY ALCESS -
'ACCOMMODATION OF 32-BIT PROCESSORS IN THE SDPs
SIGNIFICANT OVERDESIGN OF ID UNITS (BASED ON
EXTENSIVE PERFORMANCE MODELING) : T
ABILITY TO ADD AT LEAST ONE NEW SUBSYSTEM 10

- THE ODDNET -

ACCOMMODATION OF TOP-LEVEL ADVISOR

ENFORCEMENT OF FUNCTIONAL BOUNDING WITHIN

THE HIERARCHY " .

PROVISION OF A DEVELOPMENT SYSTEM FOR FROUND
BASED KBS DEVELOPMENT . -
EXTENSIVE USE OF MISSION TEMPLATES MAY DRIVE up
PERIPHERAL MEMORY REQUIREMENTS

CAREFUL INTEGRATION OF KBS WITH STANDARD SOFfNARE

AND DATA BASES "~

T A corresponding'iasue concerné'efﬁgctive use of timeslicing to provide
*  memory access and subsysten~subsysten cormunication. There are ‘many

~'aspect5'to this isshg. Depending on how the fiieslicing 1s enforced
- and deéigned ve can blas the data pénageménf gystem towards synchronous
.. or asynchroﬂous:qﬁetation. This is turn could cause significant data’
-;,;dSé of the bus. We should accommodacé'324b1tiprocessora in the SDPs.
- This allows use of Qirtual meﬁbrf ope'atiéh ahd can also serve to.
},,mitigate sone “of the performance degradation caused by fault-tolerant
i approaches. The CPUs of ° these machine run fast gnd they a:e packaged
o compactly enough fot flight. N e ' o
}‘.VWe need to provide a,significant o§erdesign of thé bus interface units

(BIU) or interfacé devices (ID). Again, significant performance

- modeling is required to support this analysis. Inadéquate sizing of

- these units (speed) cculd severely affect thqughput in the,sys}gmf» )

5-46.

.o
RN



§
woy
a, =
\

- o oo S MCR 84-1878
(i‘ .- ~ B o : "7 - . November 198%
[ S ' : ) ) ‘

AT AAND

i,

o a )'h';\-“
DK kR N ¢
LAY 2T T, WA 67 R

There should be provision co‘add at ;eapt_ode ra jor subsysted to the
ODDNET after IOC. This is envisioned as the top-level advisor. Within
the functlonal architecture of the space statlon, we should enforce

functional encnpsulation or bounding to the maximal extent. Thia will -

- ninimize data flow in the systen and allow eagier maintenantc and up-

grade of the uoftware. We should ugse ADA 1f ic nnd 1ts support envi—
- ronment are avnilnb1e~ however, planning for an alternative such as thc ’

'programming language c should take placc now.,

3 ¥
0 AR L

- The KBS components will need a ground-based development machine. sepa---: )
rate from mission control computers. . This machine ahould ruan LISP
- and[or PROLOG in firzvare and host the necessary developmen; auppott
\ tools. The RBS, when stable, will be moved outo target architectures:

. which will run on. the ground. We should note that exteqsive use of -
i i o ’~,§,’i‘,mission te*plates onboard may dfive up peripheral mezory tequirementé ;’
i T . 80 that RAM discs and other solid state local storage is 1nadequate.
. ;}‘(J'f : r>éi ] ‘Furthe hosting mathematical modeling and/or data collection and

‘% I e organizing software on the machines could impact peripheral memory

l ‘requirements. We way need local_dﬁac or. bubble memory periphcral’

_ storage.

'The 13sue of integrating KBS wihh utandard software aud data base" 15
K- - jf - 1mportant., We canoot afford nor need standalone expgrt systens,” We
' "'nuuc exploit KBS techniques 1n conjunction with conventional tech-
;51"‘ niques,rviewing each of these as- merely ways of encoding intnnsional S

knouledge. )

s R _A’ i The bribrity of functional areas,reqﬁiriﬁé work is shown in'the»rigﬁc—

hand column of Table 5.3.3.1-1. Forecost is peripheral memory access -

and idtrasystem communication., This requires extensive nodeling. Next

it S

4 is the top-level advisor. This system requires investment in AI plan-

. ners, expett systens, and scmantic linking.

~~~~~ L sy

Y - - - T - ) ! v -
..# R N R U SR SR Flann v el mun-Rloa- AT - R
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] f : o { we>cannot ignore the 1issues involved 1n'adequaﬁe devclopgent‘uuppbrt;j )
_ f o ] :. The next section, 5.4, discusses many highly functlonal tools to sup-

,i ; - portiéonsc:uctién of KBS and conventional software. The investment in
tooling is cruclal, as it allows é;hagebént'of coanplex softqdre,"We
. ghould note that 1) solution of problens in cdhsc;ucting tools shobld
_QéCUt well in advaace of the need date of the tools, and 2) that quéh
j‘toola_wﬁeé constructed can be applied-thrbughoht American induatry. -

- o E 5.3.3.2 ,Timé Phésing of Needs - if we arrange both product; e.g., s}s—
i o ;" -tens onboard space station, and developmant process support neceds by
tlme we can get .an idea of the- extent to which soze of the automation
‘ approachea may be implemented., Figurc 5 3. 3. 2-1 shows this arrange= '
T © ment, focqsing on key examples. Initially, we will have proof of coa-
' S . ~ccpt expert sysfems, planner experiments, and decp reasoner experiments -
o all running on the ground. 1In the ©id-1990s we anticipate at least one
- ;, onboard aymbolic'processér and‘some>dnb$ard expert'systémn for fault.
' o détection/&iagnosih. At about 2000 we erpect large stable expert sys- - EA i
) _ Atems, fast planners and somé learning systemns all onboard.” There will L~
E_ - g be several symbblic processors and extenaivé coqperation between tbe‘.,:~
.:KBS compénehts{ By I0C we will nced test aids for distfibuted systens,
and KBS, plus space station specific VLSI design aids, and a KBS devel-

opneat suppo:t environment.

’ . - — — e - ” FOC T, -
[ B . 5 - .
: o I : I ~ ‘::>
[ .-+ Product - 1 KBS - - | —proofaofconcept - .~ eXpert tystems- - & large expart systems :
;o . ] Reeds - - o expert systerns © - - - .
o ' ' o T | = plannsrexproments - .+ ~=slow plannacs ~fait planners
~ deep restoner-experiments  — deep reasoners — sematic linkers

. = fastdoep reasoners -
— learning tystems .

Archuecture some distributian 7 — symbolic precessor . =several symbolic
. 3 : Lo ) ) processors .
. o i i ) ~ extensive distribution

! i Development Tools” ~ test for - - = temantic hinkers
Process Support _ distnbuted tystems = intelligtnt V&YV
’ -~ test for KBS

J.-‘ - I T ) — VLSI design aids

-~
ot

; . . ' SN development | Laborstorist | ~ KBS development enviranment B R
_' - - —VLS! Transition laborotory . . o R - - .

- - Fizure 5.3.3. 2-1 me!l Placement afAutama:mn Needs by Time - . R
' ' 5-48 - IR
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Well before 10C ﬁe will need a stable conprehensive goftware nupportv;
environment for the aelected space station language. This 13 anothor
reason to_consider alternatives to ADA. ADA may be ready in 2-3 years

" for systen deveiopment but it is unlikely a comprehensive support en-
"vironzent will be ready for 5 years or more. .In the n1d-19905 we would;.

need to have semautic linkers and intelligent V&V tools. This 19 all-

?*quite feasible.

>F18ure 5.3, 3 2-2 shows that we can anticipate with confidence large;’g?

" ‘nuzbers of niaaion support personnel required oa the ground through the

nid-1990g, The date by which reductions could become sizeable could

" move earlier if the autozation brogtam does not see many risks real-
-1zed. It ig posaible, but not predictabie; that significant reductions -

‘could be attatned fn 1993-1994.

Figure 5.3.3.2-2 Role of Man . - . . o

- 5-49

Now - tocs - Foc
felsof - 3-8 poopia . - 6-8 mistion operaticns 6-8 mussion ope'mom
flen in Speca - mission operstions - - mistioh operatoon: monitonng  monitor -
" - .o amlysis - Plenning - - L
. T -Soma plenning - enafysis - .
paylosd opsrations . mizgion oporations
- - © - eatembly- mitgion concurrent-
: ) tome contrel devslopment ~
- . - miszsion control -
_ Rolsot msn T 500-1000 poopls 503-1003 (mme:a) ) 209-3%0 .
onground | | .., = mision cperations moniter . ~ musion operaticns - misslon opevl(lom momtor
' L - planning - monitor - - — reduced snalysis
- enslysis - p!a:-nmg } -
T = PIOGIRM suDpmet . Eoslysis - s
peyioed operstion - - - ~reduced progrem lupport -
- - prsembly snd mission . T = miisicn concurrent -
concurrent developement < . dovslopment
= mitsion control - =reduced control -
o — e e aeel ptandiDg BIMY T s | e e
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5.4.1 ' Introduction.

G ‘ Cwe o _MCR 84-1878
.. UR[G*N!\A— ‘¢ AR NN tv‘ November, 1984
) OF POOR QUALI"Y : - : : :

EVELOPMENT “SUPPORT NEEDS

PP - B ~

It 15 well known that modetn aoftware dcvelopment today nust be sup~

ported through the proper toolsct. While that used to mean simply the

proper’debuggera and~compilgrs it now refers to more and more iavolved -

‘major goftware aids. The Figure 5.4.1-1 shows an idealized system -
developazent iife‘cycle. Tool.needs vary depending on where in the life
“cycle one 15 ‘and what sort ‘of application is being developed. It is;

"~ not surprising that the tooling needs supporting an advanced space

station data proceasing gystem are important..

::o:\.;u et PG OF TiE acyines, ro- “‘. . ', - - AR SYETIM ATQUIREMENTE ARVIEW
NARDWARE COMFIOURA T10N I T1M ©£1) . - $OR - BYSILN DERICN ARViEW !
OO T ER PROTP A € OMD ICURAT IO 118081 xvcu POR | PRELMINARY DCSION R VW -
ST BE TAILORED 10 ACK SYLTEm OLVELOMIENT : - PRILAiNARY - con it .
PROCAIN BOR LRAMILE STLICTIVI FROTOTYPING - CIoasiLIng CRITICAL DTUTICN RLvitry
DIAROWARY O KOS TWARTIMAY BL REQUIRED B - ran TEIT RLADINE S REVIEW

- — - PZORTAACTOR 1 TTAY AL

.(Vﬁ'! -
feA FUNCT N

TASRICATHN WIA T -

RNO UNST FLTY N R M comocuuno-m! =
ctrAneD FON  POMEAL QUALIPICATION
I review
rRLLaINARY
R LI . .
- HARDWARE - - .
REOUIREMENTE i - . - _
:.ﬂ'l_ ' - - e i N sverim s s
¥ A,
Wrens nEMEaTe Cson) ron con \ nn Py Byl rea- Y rea Y von PRQOUCTICNG| | OUPERATION A40
Tears . perovieaT! [MANTINANCE
R rinceTionaL  acLOCATED - T
S UwelaminG  _sasimet - Bazting 1 1 everem )
- - PASUCT
SO IMANE - - ! 1
REOUINIMENTS - 1 ! passune
: PRELMINARY {
: otszm ]
- -1 H CETANED .
L vtuey -
{ contawo | . -0 : -
: CHECKOUT . . - -
! : oy secation] T
OouaL # o -
watsronde} | metrons o fuwesronzn § - Xesv R L EITOME 11
. R PRELGRARY )
- OFwcagTaa HruLt cALE - T COUC
OGRN TiOn anD ENGINLENIG - - croisastLs o Tiom
- Emmation | fvaupstion { pevesowmint] . ofoLIYRENT
- . .. ) ) - PROCUE TIOWDIPLOTIIENT AND
. Lco-tvnm. tvumnm’ FOLL SCALE FHGINEERIG DAVELCPMERT - onumw:{:’ua:c':

‘"'l‘ LIFECYCLE PHASLES - N

thure 5. 4 I-1 Tdéxlized System Life C_ycle ) . B : < o

- Test for KBS

KBS will play a large role in the spacé gstation goftware. Current KBS
- test techniques are based on normal software test- techniques. These
techniques‘ihciudeistate and path enumeration. The functionality as—

“signed to "data” pr’rulés and knowledge in KBS make such approaches
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to test inépblicable. There is a need to develop criteria for succesa

',in testing KBS such that adequate meaningful test plans can be written.

Implicit in this ‘need 1s a further need for well defining a design ap-

testabllity.- As in conventional software, one must accept the chal-

lenge to design testable. aystems rather ‘than a posteriori’ apply test 4

'criteria., The technologies which apply to the ‘goal of test for KBS

'dinclude world modeling, expert systems, and learning systems.

Intelliéent Validation.and Verification (V&V)

. “Software V&V is a laborious and crucial task at oreEent.> Automating

'portions of the V&V procesa will allow larger software systems to be-

flown at constant or reduced risk. “The larger and nore conplicated a

f.aoftware systen the nore difficult the V&V task This is especially
true in software uith tightly coupled components. A KBS software V&V

atd could signficantly reduce risk in large onboard systems. The aid

~would possess knowledge of requirements desigﬁ, and configuration in-

. ‘ormntion and rake comparisons with the aid of a human. It would func-

tion as.a referenre manager for the human and eventually, be able to

recognize larger and larger software components. Work by the knowledge

" Based Software Aqsistantrcroup (Cheatham Rick, Balzer, Fowler) at MIT -

has made progress in this area. The required technologies include a

deep reasoner, learning systems, and interface to conventional data-

" bages generally not Lept current.

AB testability is closely tied to the notion of aatiafaction of re-
quirenenta we muat model the application domains and structure. .The

~ expert systems will manage test execution and basically evaluate how
" the system performs ‘under test, against the criteria for success,

Learning systems can aid in collecting and structuring new information -

about the performance of KBS and how requirements are satisfied. At

; ‘base oloply developing criterla for test of KBS would aid in their

development. The application of theae ‘other techniques is quite liPely

. within the next ten years. ’

551

[Vproach for KBS which is viaible and which is tied to the definition of .- -

N TR PPy
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5.4.4 Knowledgé-Bosed Systens Dcvelopment Environment
Development of KBS for the space etation cannot fluently occur nor can 7
Z» 1t occur in a structured, controlled manner without a proper develop-'

- - ment support environment.~ Such an enoironmcnt would contain tools in-
-cluding production systems, Pnowledge and rule base gemantic linkera,
improved debug aida, and a wide collection of ayatem support utilities
on machines which run LISP and PROLOG in firmware. Support of the
knowledge enginéering aspects of the protlem is important. Application-
specific knowledge elicitation templatearlinked to design tools are ap~ . °

' propriate. Improﬁed production oystemé which provide meaué»for manag- -

r_'ing'large scale rule and>knowledge bages cppli. Once again the need to' .

- allow KBS to contain heterogeneiohsly:rcpréoented knowledge exists..
Tools- to coordihate among variously represcoted knowledge (semantic
linkers) ohodld be built.. . -

3y
¢
.

P

The first problem to be solved is in coordinating inforration contained

T
1

b - in conventional databases of text and code. ~The systenm must eveqtually. .

TR
P

A

consider- Ihtensional aspects of this data.

. 5.4.5 Test for>Diotributed Systems

. - R - . N .

Distributed gystems rapidly become too complex for ezhaustive, deter- 7
ministic test. . The p*eau ption that subsystema can be tested as such
~ and then assembled into a syntcm which s not exercized as a. whole sys—
B ten until flight test is a notion which introduces risk. Highly dio-ﬁm;
tributed systcms may have hundreds of thousands of accessiblc statea.';u_
Staté and path,enumeration techdiquéé tend to be myopic ignoring_the -
low\probability——but allowable system states. -Without appropriate
intelligent test éupport, test cooductors have 1ittle choice but to

- follow this approach.

Jaie £42 8 ar st L
:

. 552

pm



M

T e sy

L5 e,

jwe need to provide a oiénificant’overdeoign of the bus interface'units.
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A’ two order of magnitude performance increase may be achieved by mi- .

gratingra function from mechenization in a HOL running on a multiproc-

feSsing systemjto'a4VLSI‘chip. Through provision of a laboratory fecil4 -

ity hosting VLSI- design .aids, software deve10pment tools, firmware de- °

ﬂvelopment tools-and a custom board building shop, systematic movement
. of software 1nto VLSI may be. achievéd. “This trend ‘should be put in

place early on in the space station life and continued throughout e, ¢ o

Properly implemented it is possible thut more general computing power

" would. be available later in the space station life than initially dge - =

to this migration of functionality to VLSI.

A corresponding issue concerns effective use of timeslicing to provide

" memory deccess - -and subsystem-subgystem communication, " 'There are many

aspects to this_issue. Depending on how the timeslicing is enforced

~and designed Qe can bias the data management system towards synchronouu -

or asynchronous operation. This in turn could cause significant data = ~ "

use of the bus.{ We ‘should accommodate 32 bit processors in the SDPs.

This allows use of virtual memory operation and can also serve to miti-

gate some of the performance degraddtion:céused'by fault tolerant:ep-

proaches. The CPUs of these machines run fast and they are packaged

i compactly enough for flight.»

A(BIU) or. interface devices (ID) Again, uignificant performance model- -
_ing is required to support this analysis.7 Inadequate sizing of these '

units (speed) could severly affect throughput in the system.

An intelligent, knowledge-based test planner and test conductor- can

o significantly aid in this area. The goal is that the KBS test-aid act.

) autonomously—-either in accordance with apre~analy”ed plan or opportu-’

nistically. If operating opportunistically, it would "drive” the sys-

tem around- in state space while recording observations, When aystema,v;

4‘1were much lcss complex, test was able to do this while causing the sys— - .

ten to visit all accessible states. This i{s no longer possible in any

reasonable amount of time.

5-53 -
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. The KBS test-aid would make use of planners, expert éyscems,,aﬁd deep .

rehéonefs;- The planners would construct test plans in accordance with

the results ef'the other components. The expert system would focus on’

‘test conductlng and data organization perhaps eodifying existing heur-

:‘ ;istics. These could be coupled to a deep reasoning system for data

1-1 quire test tools for VLSI chips inéluding simulqtors. These could be,r o 1?

) cuits to an optimal circuit complete with layout. Additionally we re=-

) accomblished through computer. aided design systems {CAD) and special

analysis which in turn would vtimulate the planﬂer to devise another

test component.

VLSI Design Aids

" VLSI promises eeenomies of speed, size and weight for complex algo;

rithms, Reduction of weight and size of exxsting hardware eomponent°

may also be achieved

What is needed is a tool to ;renslate algorithms to circuits and cir-..=

,specification £ools. Much of the work currently undervay for the ehip

manufacturers can apply. S o D i R

’ Teilor;ng-these;systemS'to space station specifics should be a manage- .

able‘taek‘yet-Shbuld'allowrimproved performance of GN&C'algoriqhms.ores_,5fh _;,,.
mqre complex algorithms to be,f@ewn-forAconstant'perfotmanee;~ B

e
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2 6.0 ASSEMBLY AND CONSTRUCTION T

2 [ ] ,

41

~ 6.1 . MISSION MODEL SELECTION

| 6.1.1 ‘Overview R

§" .. This section presents a brief overview of the four major mission cate-
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‘gories'included in the assembly and construction area of this study:

1) Space”StationflOC buiidup
: 2) Space Station Expansion
“'f}ff 3)>,Large Spacecraft and Platform Assembly
4) Geostationary Platforn Aesembly, B

The majorit} of effort spent on these four nissions was focused on the

- I0C Space Station buildup with considerable lesser amounts directed at
.. the other three. ‘

-

The basic options avallable to. the miosion designer is the selection

between deployable and erectable or some mix of both Program impacts

T ‘.-E of these options are many-and in some cases. very ignificant. - Primery
selection drivers are based on transportation costs, mater ial denrity .
and costs, -eargo’ bay stowage efficiency, degree of on-orbit versus -
ground fabrication, flight crevw vereus ground personnel- time, and -
quantity and complexity of orbital construction support equipment.

i Where special. equipment is identifled,: it, in turn, will have special
- functional requiremontu. This equipment nay have to be assembled,
positioned, set up, ‘controlled, monitored, serviced, and meintained =
{ with~specially—trained personnel or servicer equipment located at the
"~ construction site. The special equipnent identified to perform these-

: -types of functions hae been classified as Assently Construction Support
,L Equipment (ACSE). Present indications are that many diverse aupport

’,E equipacats will be required, and although the specific equipnent may ‘be

r dependent:on_tne nature of the large space structure systenm to be
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constructed,‘the bagic principles of construction are such that much of

.-the support equipment is common. This equipment commonality factor was

stressed throughout the study effort, along with 1its adaptability

towards technology transparency.

- Selection Criteria - -

The purpose of-the mission model selection was to identify a represent-_
ative assembly and construction mission set that would encapsulate both

- near-'end-long;term technology needs for a wide range of potential

a conceptual configuration and systen description that could be both

" manageable and broad enough to uncover and display majbr.coustruction

and‘aséembly functional issues where automation could have a consider- -

technology drivers involved in evoluticnary changes required over a

period of 10 to 20 years.

The major focus was placed on starting with- the 1ec Space Station

" buildup and on specific areas where automation could play a beneficial
role in operational productivity and safety. ‘Using this approach four
.Acategories were - identified as shown in Table 6.1.2-1. -

: Tab!e 6121 Selected Mission Model . 7- e R

MISSIONS: - - - - - YEAR:

) A;semble 10C Space Station . B 1991
Power tower or strongback & common modules . .

o EXPAND SPACE STATION 1992-1994

— Add satellite-servicing facility
. ~ Add OTV hanger and service facility -
‘o ASSEMBLE LARGE SPACECRAFT ) ' 1997

- -Assemble-LDR at Space Station (LM-3)
o 'ASSEVBLE GEOSTATIONARY PLATFORMS ’ 2000
- - Advanced Large Commercial Communication Sys :
(IM-7)

;, Mennedrceostationary Platform (LM-13)

2l

N

- L e

- users., The objectives in guiding the selection process were to produce

‘able inpact.f The detail desired should be sufficient to typify_majori— -

e~

o~

—"
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T - Features-of the missions model concepts eddress NASA's role‘in initia-
' tives to exploit and explore apace over an evolutionary’period of time,
" Characterization of the major features include visibilicy for a long . -
7time span,. with a starting point where coneiderable resourcea have
_already been eVpended and using operational orbits where both maroed .
i"and unmanned activitiee have been identiffed. Basic structurel config—
- urations thecrare compatible with a number of generic type large space
" “structures and missions that have been evaluated from both a. deploy—
able and erectable standpoint were included.
As aﬂsommary of the assembly and construction‘model's implications.forf
‘long-term technology applications and needs, it serves potentially as a
quick look mission set” in the form of an assessment tool. Its use in
. this effort was to develop or identify commonality trends, starting
iwith the IOC Reference Configuration and going out through construction
of a geoaynchronous platform. This tize flow hag a direct utility for
; technology planning with possibly a nmuch greater cost impact on tech-=

et e & f oAy 3
\‘ ~ v— . . ‘Hy

[

S 3 oy
et LF g

Y L

nology implementation, i.e., integrate or bypasse. Thepintroduction
i : here of a very limited number of miesions and system concepts used to
\'55 ; - :{llustrate the application of derived technology utilization and needs

T dn
i ;L

X T ~'% - was a function of,the'time;available to do the stndy and available:re-

o

e eourcen.’ However, general resultsffrom neny of the prior studies that

37 and 41) indicates that the mission uniqueness and state of the art

implementation have the greatest impact on design conceptualization.'

The -assessment of this mlssion set nust be a continuing process. When .

B

therreeulte turn out to be the sare or'very similar, the true merit of-

A

ST R e

T

value 1s in the increase in confidence level Sources for informetion

i

.and candidate concepts for continuilng studles are numerous’ the NASA

fé Space Systens Technology Hodel- the Military Space Systems Technology
Ei - Model; various- government and commercial traffic models; the wealth of
jfé o S magezine and journal articles that propose scenarios for the future of

ST e s BT b st AR A e R A e s aare Wgariapeatsp

- haVe’looked _at gpecific nissions in considerable detail (see references -
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o . space; and knowledgeable members of the space community. Candidates*
compiled from these sources can be compared and evaluated with respect
to technology coverage and evolving space trends. In gcneral, early:—

: study trends.indicate construction and erection, while more recent
study trends used deployment and assembly.

- 6.1.3 Reference Mission Models

:

A brief background dcscription on each of the four selected reference
" missions is presented in the following paragraphs.

6.1, 3 l Space Station I0C Buildup - At'thc study kickoff> three con-"
e .cepts were presented -for I0OC consideration. ‘the "CDG planar,"‘the -

“"delta-truss,"~and the "power tower." A ‘quick look at these three in~
©t . dicated a'numbnr of  common construction functions.  However, at ‘the
" second technical interchange meetinp (TIM), the ' "power tower” was

identified as the reference configuration for the SSAS. . The‘selection

.

ki RN
Tt A el

o, A
Ve iN g

was in line with the Space Station program office “Skunk ﬁorks“ that

v} o A e 1 R b
.

o had selected the "power tower” as the- reference configuration because _
. it was seen as maximizing the accommodation ‘of current user and growth
e requirements while demonstrating acceptable design and-operations

characteristics. It was also recognized that the-' planar and ' power

,,
5y
i

,:_;.:i;:i tower". configurations are members of the ‘sane family, which differ .- -

‘basically in their placement of . the manned modules and expcriment bases o

TIes o WF Ao

 with respectAto‘the;articulated solar collection devices. (24) . -

B

% §'3 - o f',‘The reference I0C Space Station configuration is shown in Figure

UK

. ‘
S,
»

- 6.1.3.1-1, The Space Station operates in a local vertical-local hori- =
“zontal (LVLH) orientation, with its keel along the local vertical di- Rt

£ NP

2 - - (POP). The earth-pointed end of the Space Station contains earth~ -

|
{
E ¥ ’ . rection ‘and the solar array boon perpendicular to the orbit plane
i !
1 looking payloads.” The zenith—polnted end contains solar, stellar, and
!
|

; S >antiJearth'viewing payloads and comnunication antennas,.- No n—viewing
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payloads are located at various places on the Space Station, and the

pressurized modules are located near the _botton of the keel.

back surfaces of the keel kept free- for traverse of the Mobile Remote

Manipulator System_(MRMS).

and 0TV technology demonstration equipment, and satellite storage and

Servicing
equipment is located along the keel on either side, with the’ front and -

The servicing and refueling factlities, OMV

equipment areas are located at»iarious places aiong the structure,

v
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Some of these options are deployable,
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Some options for the truss structure on the station are shown in~
*Sectiou 6.2,

some are pre—integtated with subsystems, and some have subsystems

The information presented here is extracted from the "Space Station

rrinstalled on orbit after deployment of the structure.

Reference Configuration Description” document ‘dated August 1984.

more “detall on the .above data and on berthing and docking, rcfer to the
/referenced document.

v
n

some are erectable,-
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6.1.3.2 Space Station Expansion — After initial assembly and comstruc—

. tion of the Space Station has been completed, a second phase will com= -------

-~ mence. ' Present plans call for development of an onboard Space Station - .
based servicing facility, - The functional characteristics of this fa-
- cility will have the capabilities to service and refuel free-flying
" serviceable satellites (that have been brought to the station), co-
orbiting platforms (interpreted to be multi~paylead spacecraft that can
be berthed to the station), payloads attached to the station, the OMV,
and the OMV kits. .The Servicing facility will also provide for the.

f_ storage of satellites, the OMV, two oMV kits ORUs, instruments, and
tools. ’

-

Once theVServicing Facility-is completed, it is envisioned that exist- -
ing enq‘new users will require expansion of capabilities bresent on ..
1I0C. It 1s not clear at this time just which capabilities will grow
and-to whet -degree—or hoir—‘that growth will drive the station evolution.

An attribute of the reference Sbéce Station cenfiguratiou_is that it

cau support growth_in any or all of its initial capability areas:

servicingiend rcrueling, construction of large space structures, pate—

rials proceseing, life sclence research, astrophysics and-solarluhys—i

ics, earth remote eensing, or sensor development. Growth of soume of
Zthese cepaﬁilitiés would require increased crew size (e.g., servicing, =
- construction, 1ife science research) - Growth of other eapabilities ‘

would require eignificantly increased power (e.g., materials process—~aw -

E ipg) Whichever capabilities eventually come forward as growth re— ~o o e

quiremeats, the reference configuration should gracefully evolve to

' meetrthem; ‘ ’ 7
A projectiod of potential expansion drivers and solutions relateq to -
the assembiy and construction area are discussed in the following para—
grapha, The majdritf'of the exbansion is centered about the,iower kcel
aree.“The capabilities of the'onboard laboratories will increase with '
the eddition of six laboratory modules. Yeeping in line with growth g
there will be an addition of habitational modules for more astronautu;

6-~6




(M

o e e

RTINS SRR 20 e

ok a X el

o b R et

MR

o

ot

A Nl o s 4 IS8, Dt Y o B PW T v o
LA R B RNl SE B N

kSl

-

.

—~

are needed.

MCR 84~1878
Novenber 1984 .

. Structure has to be added to support the new modules. Again, the cube:
~ structure will be deployable as well as erectable. Some of the lower.’

laboratories and experiments require a view of earth, limb to limb. As

a rgsult;,each<aaditiou nust be\yéil”plahnéd prior to any build ups

" .One of the majoritonaldefatioha for Frouth 1s the pover system.  The
" 1I0C utilizes solar panels to pf&duéé 75 ku. 1In its expanded configura-

_ tion, the dynanic power system should produce 300 ku. The same is true

for the radiators, with corresponding size increases..

The reaction control systea has to be updated to handie the additional
masses. " Satellite servicing adds a whole new dimension to the Space

Statiqn} A satellite servicing bay, a satellite stowage bay, and a

R tefdeling»bay 18 just the start. .Fuel cells as well as berths for 0TVs . _ -

Eventually, the stowage areas must increase to handle increased servic—-

ing and repair. -Also some of th; laboratories (i.e., manufacturing and

‘refueling) way be separated fron the station’ and operate independently

" in co-orbit-as free fliers.

.6, 1 3.3 large Spacecraft and Platforn Assembly - The assembly of large;

) ‘spacecraft for pu*poses of this study 10 represented by one: categoty
» /candidate, the Large Deployable Re‘lector (LPR). A brief” description

- of the current concept of this aysteu and general information needed

when assessing on-otbit asuembly 10 prescnted in the following

"paragraphs. o

Figure 6.1.3. 3-1 represents thé currént baseline concept for LDR. It
reflects the telescope requirements given {n Table 6.1.3.3-1 and repre-

sents a consensus of the Asilomar workchop. (18)
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‘The telescope is an £/0,5 Casaegrain;w;th a éegmcnted, acfively con=

; trolled priméiy rgflectot. The primary reflector éegmenta are nmade

froa either liéhiﬁbight, low expangion glass or a composite honeycomb

sandwich, Tﬁetindiv;dual segnents are supported from the béckdprstruc-

"tﬁrevnt three éttachment pointe. Eacﬁ'attcchment boint incorporates a

’ poaitioﬁ actd&éor so that the oegﬁen: is adjustable in two axealof-tilt' .-

“and cne of ﬁistoﬁ. In this eiqmp}e,-B? hexagonel segments, eacﬁ 2.8 n“'

i écrqss, wsake up the 20 o primary reflector. The sunshade keeps direct

“‘sunlightrfrom the reflector and reflected sunlight frono the deteqtorh.‘

B f In thg latter case, a more cémplicatéd baffling systen may be required,

T R T U I TR I T

pres g

ot

y et e

ey
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wuich is nb; shown in Figure 6.1.3.3-1.
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: i Table 6.1.3.3-1_LDR Requirements S el
; ) TAKGE UEPLOYAELE FEFLECIOR (LOR) )

b *. DEDICATED ASTRCKOAICAL OBSERVAIOKY FOR 1990°s
e 20 M F/0.5 PRINARY REFLECICR, mrmcnw LinneD -
4 - AT S0 MICRONS. - T
4 -
| § e : )
. . W10 ussmm oPTICS : - o - .

T a 7 - )

| . *  SLGMENTED FRINARY REFLECTOR, ACTIVELY CCNTROLLED
j. -] e LIGHIMEIGHT REFLECIOR SEGMENTS, 2-3 M,- <20 KG/M2,

; ~ SUPPUKTED BY TRUSS BACKUP STRUCIURE.

b *. OVERALL SURFACE ERROR <2 MICPONS PMS  ~ - R

B *  ACTIVE CONTROL SISIENS FOR FIGURE. 'munnd. VIERATION )

% ) e ‘suurr\cE nusuxzrm SYSIEN

P '

i *  SUNSIADL FOR n«sz coKRoL )

il . S )

g;; T |+ - FUCAL PLANE INSTRUNENTS COVERING SPECIRAL msz 30-1000 nlcrous

- o  CRYOGENIC, COMERENT AND KON-CONERERT. -

-
= M, A

P ; ‘ ‘: The active optical system includes, as well as the position actuators ~

o eme s e

- ;- - '+ - on the. primary reflector seguents and secondary wirror, a system for.

) measuring the optical errors. - There are at least three methods under

consideration.». The first would use edge gensors at the segment bounda4

. . . ries as is planned for the University of California 10 n telescope. »
v -'igf,i’} - This only determines the ehape of the primary reflector-‘the relat*vé o
T T positions of the secondary and -focal” plane would still need an addi—

- e v

>.1;'-::“' B tional mesaurement systen. The second method samples a portion of the -
' incoming wavefront from a point 's‘ourrce.  Figure and nis alignwent:»en:drs
) of the optical | elemeuts show up as departures from a plane wave at the /
- ' foeal plane.” Thcre are nethods to deconvolve the wave,.ro'xt and deter-

: ' ) nmine uniquely which optical element is in error.
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The third measurement method uses direct laser range finding. A steer-

ing mirror. at the Caaaegrain foctus steers a laser beam to at least
three points on each reflector panel sequentially, via a reflection off

‘the secondary nirror, Retroreflectora on the primary gend the beam -

back to the. secondary and in turn, back. to- the focal plane where an io. 7

interferometer measures the phase. path length through the complete e

_ l optical aysten. The use of two frequencies can recmove the fringe .
»ampiguity; '

"Closely.associated with the figure measurement and control isipointing
-"and structural Vibration'control. Since LDR will be a relatively light

structure for its size, it will have low natural frequencies. - Any on-

board dieturbanee such as alewing, secondary mirror chopping, punping -

‘of cryogenic fluids, gyro noise etc., will excite the natural fre--

quencies of the structure. Active damping of the structure, where an

) incipient vibration is damped by feeding- in -a disturbance of equal . f‘}*' -

anplitude but opposite phaae, rnay be necessary. Pointing and slewing
forcea can be tailored such that the spectrum of the forcing function,

‘contains mininum power at the lowest ‘regonant frequencies of the |

) structure.

" The instrument package will be noused Just behinn the vertex of the

. _prizary-reflector at the Caesegrainrfocus."A conplement of lSiinetru-

ments were listed at Asilomar and were-terned "the astronomers dream, 7

. but the technologista nightnare;" The .number of lnstruments will unf‘=
" doubtedly decrease, but the general classes of instruments will proba-
- bly remain the same.. The four instruzent classes baSelined_are'the'

same as thoae‘euggested at Asilomar.*

*Paul N.
Reflector (LDR): A Concept for On Orbiting Submillimeter-Infrared Telescope
~“for the 1990s,” Optical Enpincering, Vol. 22, No. 6, December 1983,

Saranson, .Samuel Guilkis, and T. B, H. Kuiper,,"Large-ﬁeployable;.“

. 6-10 -
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6.1.3.4 Geostationary Platforn Aasembly - The 1ast group ‘looked at was

assembly and construction of geostationary (GEO) platforms, Two candi-t

dates vere identified as shown in Table 6.1.2-1, The first one,

"Advarced Large Comzercial Communications System,” is one of the land-

f.:'mark misaions (LM-7) described in section seven of. the NASA Space.
. Systems Technology Model, Vol. III, January 1984;

- The objeetive of this satellite is to provide caoaoility to intercon—"
.nect approxiuately‘zs nillion users anywhere in the U.S., direct from

user—to~user,through wrist-size radictelephones. The systeu'uses a.

single latge commuhications uatellite in geostationary orbit. Due-to
" the very small antenua size poaaible in such a radiotelephone the J
. satellite antenna must be large (70-100 m diameter)

Present estimatea on the weight of this satellite is 30, ,000 kg. The
systen will elso have a 300 kw solar cell-pover- systen and transfer .
" itgelf to GEO following agsembly and checkout. Three Shuttle flights

are required to-place the required materials and support equipment at

tﬁe low earth orbit construction site. A key feature of this satellite -

" . is the electronies nodularization to allow unmanned maintenance at the

operating aite. ' The large electrical power- source on board required
for communications would also be used to power ion enginesa to make tue

transfer. Ion- engineu would be rotated to provide on-orbit attitude

" and stationkeeping translational control " The satellite will be ser-

- viced manually by an Advanced Teleoperator Maueuvering Systen, ¥

'fi*Ivanfpekey,‘TBig Consats for Big Jobs at Low User Cost,” Astronautics and

" Aeronautics, February 1979, pp. 42-56.
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6.2.1

SPACE STATION IOC BUILDUP

MCR 84-~1878
November 1984

Deécrigtion

Tng mission models all utilize common elements: preasurized modules,

power géneration devices, and assembly hardware. The pressurized mod- - -

ules are 1deéntical vegsels with different functlons to be interchanged '
with one another. This wodular approach increases the flexibility of
the systen to be expandable for future requirements. Power. generation
devices can be passive solar arrays or dynanic solar-power systems.-
Assembly hardware is the atructure that ties the nodules, experiments :

- and power devices together. -This structure conaiots of box trusses

" . forumed into cubes that run the length of the pover towe.. (44) The

_'truss structure will be deployable, erectable, or a combiuation of both.’

A1l the cbnstructibn scenarios have common asseubly techniques with'.
" variations for different situations. The assembly of the Space Station

utilizes a coubination of four support equipaent types.

© 1) Mobile Remote Manipulator System (MRMS). The MRMS is deucribeq“

'Aélseuhere'in:this Section.
2) Extravehicular Activity (EVA).
3) 'shittle Rémote Manipulator System (SRMS)

-4) »Autqmatichechanisms S ‘; -

‘The SRMS 18 used for transferring cargo from the Shuttle bay to the -

Space Station. Its principle function - ia to lift the cargo and implace
it It is capable of 1lifting any load to a maximunm of 65,000 pounds.

The EVA astronaut works both by himself and in conjunction with the -

SRMS or the MRﬁS. The astronaut will guide the manipulators as well as

‘-‘provide individual hupan manipulation.

- 6-12
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6.2.2 Assenbly/Construction Scenario
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The asgembly of the IOC forms the basis for future growth and develop-
‘ment, 'Cert.éxj..r‘i- guidelines need to be understood and assumptions made in

“order ‘to dév’élopra feasible construction scenario. -

Seven.'shuttlé flights have been identified to have the basiciSpacé”A
Station operational. The structure Qtilizes a conbination of deploy- i
éble and ;;rectgble structures with the majority of the booms and keels
;dg'pioyedr automatically. The structure is shown in Figure 6.2,2-1, 7

Figure 6.2.2-1_Erectable/Deployable Structure on Sp&ce Station.
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| The scenario for the first flight: is shown in Figure 6.2. 2-2. A major
*‘{: activity of this flight is the transport and installation of the Mobile
i b Remote Manipulator System (MRMS) to assist in the subsequent construe-~
- ; tion effort.- (The MRMS is referred to as the "Autonomous Transport
: [ A s Vehicle," or ATV, until installation of an RMS manipulator grm.‘) “The !
e “high utility of the MRMS 1s indicated in Figures §.2.2-3 and 6.2.2-4,
i : : which sumzarizes the tasks or operationé to be performed by the MRMS
v » and projects the percentages of operations wethods to be employed for
W . © .- each flight. " See Sections 6 2.3 and 6. -6.1 for a description of the
" MRMS system. -
' Figure 6.2.2-2 Flight 1 Scenario
1 T L L e . il
- .- JINSTALL REMIVE DEPLOY DEPLOY SOLAR
L o - {RADIATOR PAYLOAD PACKAGE STRUCTURE ARRAY BLANKETS
Y St - [eanEts I AED INSERT ON AND BLANKET BOXES
oo . : DEPLOYMENT RE- ~ — -
e . oL T - 7. - |STRAINTS
: ‘ ’ . [system INSTALL ERECT AND ATTACH Ly
= CRECKOUT] ™~ - PRMS EERTHING PORT i )
i - o T ——
B SHUTTLE RMS RELEASE LAUNCH LIFT MRMS FROM CARGO {EVA CREWMEMBERS . . .}
- GRAPPLE MRMS LATCH O MRMS BAY AND PLACE OVER TRANSLATE TO MRMS SITE - |-
: PLATFORM i . TRANSVERSE BOOM AND ATTACH KRS TO BooM [T
METHOD: RHS” |~ METHOD: EVA METHOD: _RMS METHOD: EVA ’
{ . -
8 RELEASE MRMS- " -INSTALL - RELEASE MAMIPULATOR PM'S| ~JRELEASE LAUNCH RHS GRAPPLE
s MANIPULATOR AND MANIPULATOR AND MANEUVER MANIPULATOR | |RESTRAINT ON RHS - X
N REMOVE GRAPPLE | . ON ATV =70 ATV FOR INSTALLATION |=—1BASE OF MRMS o-’mmPULArca
; FIXTURE - - : MANTPULATOR
¥ - |METHOD: RMs-EVAL - METHOD: RMS-EVA | [METHOD:- RMS-AUTO METHOD: EVA METHOD: RMS
s ‘ : ) - -
1 CHECKOUT
: MRMS - : }
: METHOD: EVA}
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.. Figure 6.2.2-3 MRMS Tasks and Operations )
- } B [-& E | & | & E B2l
. |MRMS TASK/OPERATION | Sw - | 3w e = B a8 =4S -
* : | B g5 | #@5 | ER.f e B | &
i - |-remove packace* Ul R BRI : <
FROM PAYLOAD BAY 4 N 4 4 4
© |-TRANSPORT PACKAGE o a N a . N a
-ATTACH PACKAGE TO s a A a a a a .
STRUCTURE .~ - | : -
-ERECT STRUCTURE - A -
- |-unroro rarLs 4 A -
* [-UNFOLD BOOMS & ARMS 4
- |-RELEASE LAUNCH : a
| RESTRAINTS . . -
0 - .
- *PACKAGES CONSIST OF MODULES, EXTERNAL :
(. ' CEXPERIMENTS, ANTENNAS, AIRLOCKS, ARRAYS
L - AND DEPLOYABLE STRUCTURES. -
hgure 6. 2 2-4 Pro;eczcd Operanon Method Percentages .
S © 100 | - 7 - , o ) ]
L PERCENTAGE NS B SR P R Tt
} ofF b : : : : .
TiMe o f . ) ,
“'r|. usep " N 52 = - :
* T 50 Lag 1 48 - 4 - B3 50 -
. : ) [ 5% ¥ R : 28 28 :
. 5 : ‘21 23 - » 27
] " ] 21 21 6§54 23 )
. 11 1 !-. 4 .}’EEH 1wf] !10 i ' .
0 e , P1: 185 1
METHOD - .
- - (7} =Y 177 £=) wilo (%21 [=) wio n O
of . | <lulBele | <leigiBle | <|alZiBte [ =le|ZiBl | sIAZIEl: | slelElEl | =leFiElz -
: TSR | SRS | SEREE | BIEEEE |SHEEE | EEEEE | EEEEE
OPERATION .
' :t;g:; FLIGHT 1 | FLIGHT 11 | FLIGHT 111 FLIGNT IV | FLIGHT V | FLIGHT VI |FLIGHT vII



W)

T T

e

el

T Ty

PEWIRN

a

N R T/ A LR I AT TATRY
e

- e
¥

MCR 84-1878
November 1984

The start of the IOC will begin in the Shuttle bay. The power condi-

tioning'radiatora are attached to the stowed transverse boom, - Using an

automatic ~deploy mechanism, the boom'is extended outward. Having'the

transverae boon deployed ‘the Mobile Remote Manipulator Systen (MRMS)

is affixed to -the truso atructure. "The solar arrays at the end of the

transverse boom are deployed. The final assembly of this flight is a
aingle bay perpendicular to the boom. “It houses a berthing ring for

; docking on the next Shuttle mission. The entire structure is then re-
leased- from the Shuttle. The'configuration is shown in Figure 6.2.2-1,

subelement 1, which Bhows the configuration after- the first shuttle
flight.

_Flight II continues the construction of the structure. The lower keel .-
‘ package 1s attached to the trdnsverse boom and deployed. The radiator
© - “support booms are next unfolded from the loner keel, Two keel exten;

sion bays are- erected on the port and starboard sides of the lower keel .

boom. ‘Erection of extension bays constitute the placement of struc-

tural rods into nodal joints.

Next, radiator panels are installed in the port and- starboard heat ex— -

changer booms. _ The port keel extension boom package is tremoved from
the“carbo bay and attached to the port side of the recently—erected
keel extension bay.. The port keel. extenslon structure 1s dcployed by

its pechanism, . The procedure is then repeated for the starboard’ keel

'lextension structure.- Both extension structures are tied ‘together by -

internal support bays that are to beé erected by EVA with the use of the

MRMS. 'The configuration after the second flight is shown in Figure

6.2, 2—1, subelement 2.

6-16"
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7begins the additfon of modules.

'_‘astronaut connects all utilities asaociated with the module.

' attached.to Hnl while ALZ is temporarily attached to HML.

-..MRMS., ALZ 1s removed off HMi and attached to HMZ.
- tion of this - flight 18 the upper keel, .

- Flight V carrics the third module.

) attachment aite on- the ttansverse bcam.
This procedure is repeated for the starboard asolar array addition pack— -

MCR 84-1878
November 1984 -

With the majority of the assembly hardware constructed, Flight III®
First, the module nmounting structure

is installed on the keel extension structure. Habitat Hodulerl,(HMl)

is removed from the payload bay and attached to-its mount.. The EVA
The final
Afrlock 1 (ALl) is -

packages in the- cargo bay are the two airlocks.
It will be
transferred to 1its permanent locatior when the remaining modules dre in

their final configuration. - -

- The Flight IV cargo bay contains the HM2 and the upper keel structure .

package. The Shuttle docks at HM1l, and HM2 is attached to HML. The

connection of the utilities are then mated to HHZ by the EVA with the
The final’ installa-

It 1s transportcd from" the mod- .
Once attached, ‘the upper-
See Figure 6.2.2-1, sub--

ule area to the trausverse beam structure.
keel is deployed to 1ta full configuration.

elements numbercd 4

" The Shuttle will again dock at’
HML. . The next module is the Logistics Module (LOGl) and is attached to

) "HM2, With the EVA and the support of the SRMS, the port solar array -

It is trausported to ‘its

addition package is 1oaded on the MRMS, .
Once attached, it is deployed.p

age. See Figure 6.2.2-1, subelement numbered 5.

At this'pqint in the assembly sequence, the modules are activated forr

' 1nhabitance. With the station permanently manned, prolonged assembly

tagks can be conducted, such as installation of permanent hard lines

and verification of any attachments,

6-17
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On Flignt VI, Laboratory Module 2 (LABZ) 1s attached betweenlthe HM2
" and the keel:extension structure. The remainder of the payload will be -
) for spares or external payloads. No &efined package has been desig-
?natod'at this time. Assembly will probably require traasportation and
’ attachmont to the system.. : 7
Flight VII is a repeat of Flight Vi, except the module 1is LABl}~ Again,
miscellaneous items and payloada will occupy the launch package. _The
module arrangement is shown in Figure 6.2.2-5. e

) Figure 6 2 2-5 Module Arrangcment
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v The Mobile Remote Manipulator Systen (HRHS), scaetimes referred to as

TR A RS
,’/‘_r_% ‘.“‘(m,,‘. ]

"
.
N
.

‘the Assembly and Transport Vehicle, 1s a multipurpose logistics device -

?}l . ':i o outfitted with a-space crane and EVA positioning arms, It plays an im— )
. %- L ‘f;?: portant dimension in the buildup of the Space-Station Initial Operating '

;? i'.Configuration (IOC) and is the only logistic tool on the station.- The

;éj ‘systen 1s a tool to transport modules and/or payloads from the Shuttle,

= cargo pay aad position them for ‘attachment to the Space Station‘truss

of
W

b

structure. Its work load begine with the second flight. The combina-

T

A
H

- tion of crane/astronaut on the positioning arn is utilized in locating,

e
oo

iy

latching, and deploying the lower keel. The same procedure is repeated»

~ for the radiators, the keel extensions, and the lower boom. . Subsequent

"

RN
'

- usageris'necessary‘for maintenance, repair, and -servicing of the sta-
tion and future apaceoraft. It is necessary for both the growth of the

'Space Station and assembling apacecraft. N
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The assenbly task becomes more involved when a bay is erected between

the 1owcr keel and keel extension. The work depends on the'mcbility of

.the positioning arms and‘thekdextericy.of the astronaut to_place gnd,

lock fhe:various tubular segments together,

~ The remaiuing five flightd‘all”COntain d'module. Thc Shutple docks and

.the module_ié removed from its bay via the SRMS or the MRMS. An astro-
naut latches’ the module to the MRMS logistic platform. The EVA man is
anchprcd'to the platform by the positioning arm which also reacts all

" forces caused by his movements. The MRMS pulls its way to thc next ;
" location yhere'tde module is to be attached. It could be in the next - °

rbay; ég the end of the keel, or perpendicular to that uay. The MRMS.

" - crane positibns‘the module, and the astronaut makes all the necessary

“. connections. Besides the modules, there is a variety of packages. that -

t»;nclude antennas, experiments, and miscellaneous electronic boxes.

’ The basic size of the MRMS is approximately 9 feet square, the size of

a single bay. 1Its design consists of three basic layers as shown. in

Figure 6.2.3-1, and further discussed in Section 6.2.4. .The figure shows

- the initial configuration, with an RMS attached located on the Space

e Station structure.

=19 -
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-‘The bottom layer ‘consists of a square track arrangement which rides on
-guide pins attached to the truss nodes. The flat tracks are connected o
on the corners by "switches" that rotate’ 90‘ See Figure 6.2.3-2, The '

‘switches are aligned to permit motinn over the gulde pins in two ortho-

gonal directions. "The central element is the push/pull drive mecha-

nism. It consists of a drawbar with locking rods, connected to the

MRMS by a rack and pinion drive. To pull the MRMS in a desired direc- )

tica,.the drawbar 18 extended forward one bay to the next set of nodes
and- locked by driving the lock rods into the nodes. The corner

switchés are "aligned parallel to the movement of the vehicle. By ac~ -

tuating the electric stepper motor, the HRHS_iérpulled by the drawbar

. 6=20"
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along the tracks. To reverse directions, the MRMS pushes 1tself. ?he
~ vehicle is alwvays captive to the cruaé structure by having four-point
~ support maintained at all times. By repeating the process, the plat-

forn 1s.trahélqted longitqdinally-in an "inch worn” fashion. )

" Figure6.2.3:2 MRMS Dﬁ"ve System

GUIDE PIN ENGAGEMENT AECHANISM

ROTARY DRIVE ~
AND BEARING

.

-~

‘o

:T .Z;‘"‘ ;»J_'~‘ ‘.\

- This central element is capable of rotating 360°. The transverse
‘translation-involves pﬁ/éting 90° as well as the push/pull feature.
o Thef coi‘net'switc_h uses an o;Sén top mechanism feature that permits the 4

: drawbai‘.to lock onto a guide pin which 1s also occupied by a track .

sﬁitch as shown in Figure 6;2.3-3, S
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The 1ogisrica platforn 1is the top layer. It aervos to trausoort pay; :T;f ’
loads aloné the Space Station surface.. -It has'the ability to rotate <.
relative to the track leyer and remain fixed when the central clemeant
7 pivots, "Instead of using a separate roll drive, the switches would . -
,ﬁave to be lockable in a rigid posirion»ond rhe too two layéro would ‘
nove in unison. The logistics plotformlhAS:inotherloption in locking 7
1tself to the lower layér and ﬁové tho didoié oeotion pivot relative to:v

the top,and bottom.

Beaides having the temporary storage capability of the flat top, the

- top layer “features the space crane.. The crane ia envisioned to be a Iri 
Shuttle RMS tranoposed onto the platfornm. The Shuttle 1is capable of

' carrying two arms on a single launch. One SRMS would remove the second
arn with the help of EVA astronauts and- affix it to the top layer of
Vthe rmxs.»»..d o -
Also required are Mobile Foor Restraint (MFR) positioning arms. An
astronaut in EVA scit 13 positioned within the work envelope by the HFR
~‘on the end of the RMS. Control of the MRHS optionally resides with the -
EVA astronaut(s) (see Figure 6.2.3-4). )
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The MRMS will have a self-containedr rechargable'power supply. Dcpend-»“
1ng on the work and the mission, the platform ‘will be adaptable in
terms of .,pecial storing devices and ctadles ‘ot miscellaneous hardwate‘

'}.‘wo of the many possible functions of the MBRMS are shown 1n Figures I

6. 2 3-5 and 6.2.3-6, In the first, the track layer only of-the MRMS 1s -

attached to the Reaction Control . System “(RCS) and the systen 18 trana— f
ported to its specified location on the structure.’- In the second fig-

“ure, the MRMS {is used after the’ first shuttle flight to continue the

Space Statipn construction. In the upper two figures, the truss seg--

o ment 18 removed from the paylocd bay and positioned on the structure. = -

_The truss segments are then unfolded and attached to the structure

prior to rigidizing and deployment of the new section. Note that in
this figure the MRMS 1is being yiewed fron one.underside,

o
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 6.2.4. MRMS Evolution
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MCR 84-1878 .
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A summary of the anticlpated MRMS System evolution is shown iﬁ ?igufg

""" 6.2.4-1 and the top-level requirements in Table 6.2.4~1l. All of the
. ~original IOC'capabilitiesrwill also be available throughout this span.
“In 1993 two 2b—f§ot arms will be added and additional con;rol.cgﬁabili—

fies incorporated, as shown. The positioning arms have the freedom to

translate along opposite sides of the top layer. This capébility -

greatly‘expgnds the work volume of the positioning arm as well as the .

~astronaut. It also hag the option to have the astronauts work as a

pair in a dual-arn mode. The Telepresence Work Station (TwS) will be

- incorporated, to at-least partially replace the EVA need, in the

1995-1997_t1ﬁe frame. Ultimately, the system will evo;ig:ﬁb operé;e'

‘under teleautomation to further reduce the level of man~intensive

édperv;sion of the system. Note that the overall evolution 18 covered

' ig»this secfipn rather. than splitting between subsequent sections.

. v . .
i
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N 1591 T 1993 . 1595 1597 2000-BEYOND_
W 1o | l l 1
- A L I R | . |
; *0 'MRMS (BASIC) e ‘ - :
- ': - RMS —
- '> EXCHAMGEABLE es—f’.
0 MANNED PLATFORIN(S) e _
B *0 .TELEOPERATED ($S) ————em
; © TELEOPERATED (GND) ————e-
| - -
- ~F = TIME DELAY - .
we { B T 0 MRMS
4/ . . N )
g . - TWD 20' ARMS
) . = DUAL-ARM CONTROL
- ADAPTIVE CONTROL ,
i - FORCE/TORQUE CONTROL
’ ’ o D - - )
'_l( o - DEXTERQUS TWS ON 20° ARM(S)
BT |~ LIMITED SUPERVISORY CONTROL -
Y b L T e s
il _ s
T ' e A .
P i - TELEAUTOVATION
e *TECHNOLOGY EXISTS o
AR A N : I
i Table 6.2.4-1 MRMS Requirements
[ P -
- ¥ SR SYSTEM REQUIREMENTS:
1 o B - ) - -
T ‘ o STATION ASSEMBLY
AR k o MODULE . REMOVAL ,
: E ~e OMV/0TV BERTHING IN THE HANGAR AREA
i .
7’ "o DEPLOYMENT OF .THE OMV/OTV FROM THE HANGAR AREA
S o AID TO OMV, OTV, AND SATELLITE SERVICING
R o o MAINTENAWCE & REPAIR
A HARDWARE REQUIREMENTS: 7
P ' e POSITION ASTRONAUTS (TWS) FOR EVA FUNCTIONS
/ v . -
/ P " o TRANSPORT MODULES AND/OR PAYLOADS FROM THE SHUTTLE
/ S - -CARGO BAY . B N
(‘) .o MOVE IN THO ORTHOGONAL DIRECTIONS
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- Two astronauts are shown duringconstruction activitieo with the MRMS in
i . ° Figure 6.2.4.2, which shows the utilization of the two 20-foot posi-
ﬂ' -7 tioning arms in conjunction. with the Mobile Foot Res.ﬁ\int system

T
H

(Figure 6.2.3- 4) and the RMS crane. Major components of this advanted
MRMS are shown in Figure 6. 2.4-3, hhich depicts the three-layer con—

Btruction of the system. The strongback cube .assembly steps, utilizing
the MRMS are shown in Figure 6.2.4~4,

TR T T
R -

L.
.
L
i
1
H

Although thc‘EVA‘éstronaut is_2n integralipart of assembly work and 18

" ‘siderable amount of discussion on the usage of EVA astronauts. Thei
najor problem 1s the high. coat of supporting a man, not to méntion the
risks involved. An-alternative to man will be the TWS at the end of
the positioniné arms, as shown in Figure 6.2. 4-5, The TWS has the same

~er greater capabilities than man, yet reduces the amount of support

;' equipment and preparatory work, ~The TWS is shovn in greater detail in
" Figure 6.2.4-6. '

% "Typlcal system and subsystem deeign,requirements are listed in_Tables—

i - ) : 6.2.4-2 and 6 2.4-3,  An isonetric of a potentiélly suitable joint

} "~ . drive for a positioning arm 1s shown in Figure 6.2.4-7. This

o :‘ e ' particular drive is part of the Protoflight Manipulator Arm, which is-
I - ' resident and in use at Marshall Space Flight Center. This drive was

B ©zero backlash and imbedded sensors (resolver and tachometer) Greater

; . ’;' i _:i:,f accuracy could be achieved by incorporating optical encoders. Figure

; o - 6. 2. 4-8 is a schematic of the same drive, showing the cable routing )
aero v tha joint. ’

For additionai source information refer to Appendix A, 26, 29 & 34;
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- needed to accomplish the finer, precision tasks, there has been a con- - -
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'SYSTEM SAFETY DESIGN

Table 6.2.4-2 MRMS System Requirements

- "MODE OF TRANSLATION ,’
'»PHYSICAL FEATURES -

DESIGN ASSEMBLY
NEIGHT
SIZE (FIT WITHIN)

“-. _OPERATIONAL LIFE

LOAD CARRYING, SAFETY FAPTOR

':FLFFTRIC PONER, VOLTAGF .

SPARE WIRES PROVIDED
"ONNECT/DISCONNE"T CAPABILITY
PROVISION AGAINST MISMATING

MAINTENANCE APPROACH..:

- NAMEPLATES AND IDENTIFICATION

VIEWING ACCESS (IDENTIFIERS)
SPACE STATION INTERFACES

6-29

" MCR 84-1878
. November 1984 -

10 YEARS,
(YIELD 1.5, ULTIMATE 2.0°
28 + 4 VDO

PROPOSED VALUE -

- PORTABLE/TRAHSPORTATION
ANTHROPOMORPHIC

MODULAR SEGMENTS

GOAL OF 600 LB

4 FT NIA, STOWED

WITH MAINTENANCE

203

‘REHOTE WITH HANIPULATORS

KEY. AND KEY NAY POLARIZATION

- FAIL-SAFE OPERATION
<MODULF REPLACE .

PERVANFNT IDENT. :
NIRECT VISUAL, CCTV OR MIRRORS»
RMS,. MRMS, 7 FACILITY SERVICES .
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" Table 6.2.4-3 MRMS Subsystem Regquirements

o
-

_ ARMS, CONFIGURATION (SLAVE)

,>- _HORIZONTAL’MAXIMUM REACH

- [ DEGREES OF FREE004
'~ JOINT ORDER: SHOULDER
- "UPPER ARM
ELBOW )
“WRIST

- 'TIP FORCE ARM FULLY EXTENDED
T SPEED ARM FULLY EXTENDED (NO LOAD) .
- BACK DRIVEABILITY FULL EXTENSION

~-. BRAKING ACTION -

- FORCE LOOP RESPONSE
- ARM DEFLECTION -

- AR BACKLASH

- EMD EFFECTOR
- INTERCHANGEABLE MOUNTING
- TV/LIGHTS

- PAN/TILT DEVICE .

- ILLQMINATION AT NORKSITE'

R et L TR U

A I

- STANDARD PARALLEL VICE GRIP MOTION ~~5)

L |
MCR. 84~-1878 - -
November 1984 . - -. "}

- -

HODULAR, ANTHROPOWORPHIC (z)
50 IN *

PITCH AND YAW. -

ROLL - .

YAH ' ’ ’ ;4;
'ROLL, - ROLL, ROLL (conmou INTERACTION)

50 LB :

18 IN/SEC -

3 LB TIP FORCE .

PROVIDE ON-ALL BACKDRIVABLE JOINTS -
VARIABLE BETWEEN 0.2 AND 4.0.Hz .

* NOT_TO EXCEED 1.0% OF TOTAL TRAVEL

~NOT TO EXCEED 0.2% OF ‘TOTAL TRAVEL

T

DECOUPLED AT WRIST FOR TOOL INTER ' —
TOTAL CO"ERAGE 0F ARMS ACTIVITIES )
+ 90° CTILT, + 180° pai .

60 FT "AhDLFS

6-30
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CORNER SWITCH (4 -
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‘ﬂ TREL A VR T g

- SHUTILE RMS —

FOOT RESTRAINT -
POSITIONING ARNS
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D Conervear 4 -
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Strongback Cube Assembly Steps

.- PLATE WITH CROSS EEAM

PLACE CORNER NODES IN CRAWLER

STEP 3. EXTEND CRAMLER PLATE 9

* EMPLACE.TOP BEAMS AND

=<

FEET AND
CROSS BRACE

STEP 4.
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" STEP 2. PLACE REMAINING BEAMS AND CORNER

SQUARE

NODES 70 COMPLETE EKD

EMPLACE BOTTOM BEAMS AND CRUSS
. BRACES TO FINISH CUSE -
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6.3
6.3.1

“1  The cdhcep; nission selected to représént the expansion or nodification L

MCR 84-1878 =
November 1984 -

SPACE STATION EXPANSION

Description

‘of an I0C Space Station was the,Technolqu»DeVeiopment"Higgioﬁ (TDH)

Ho. 3 éoncept; He?elopedkénd prgaeﬁféd in Contract NAS8-35042, "Defini-

“tion of‘Téchnolbgy Developmént Missions for Early Space Station —

’.7 Satellite Servicing.” The objeétive of TDM 3 is to demonstrate assem—

:bly or modification operations at the Space Station. This TDM ehphaj

sizes assenmbly of servicing‘felated elenents of the Spéce Station and

. 1s designed to bekcompleted with two Shuttle missions.

The major activities which must be piaﬁnea:and executed for the suc-

f " cessful coﬁﬁleé@on’qf the mibsion’dfe:showhfiﬁ Figure 6.3.1-1.
- Figure 6.3.1-1 TDM3—Satcllite Servicing Support Arca Assembly '

R } BERIH}’UEL. CEPOT. TO SIRONGBACK

" @ _ASSEMBLE (ERECT AD DEPLOY} SERVICING AREA STRONGBACK

¢ _ ATTACH (1IV BERTHING RING TO STRONGRACK

T @ ASSERBLE SERVICING .FACILITY OHTQ STRONGBACK

o BLRTH SEPVICIR S:IOPAGE FACILLITY TO SIRO!&CBACK, -

These activities have been grouped into three
composition into more detalled work elementa:

1) Stfoﬁgback Asséqﬁly_gnd oMV BerthingrRing7Atﬁachments

2) Servicing Faqility Aésembly onto Strongback -
3) Fuel Depot and Services Storage Facility Docking.

6-38 . el
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6.3.2 Assembly/Construction Scenario

l{assembled dufing qhg nission. The use of these cargo-canisters will

S B MCR 84-1878
- A T . . " November 1984

6.3.2.1 Phase 1 - Strongback Asserbly Description - The major- TDM

events and top-level derived requirements for Phase 1 are shown in

Table 6. 3 2-1.

Tabl«. 6. 3 2-1 Phase 1 —Strongback Assembly

EVENTS - o REQUIREMENRTS -
¢ FIRST STS DOCKS TO SS ER) - - o
® TRANSFPORT AND ATTACH STS CARGO | ® RMS ACCESS FROM STS DOCKING AREA -
i CANISTERS TO STAGING AREA. TO SERVICE AREA °
® REMOVE STRONGBACK SECTION FROM ® STRUCTURAL INTERFACE AND UTILITIES
" CANISTER AND DEPLOY, USING RMS. PASS-THROUGH FOR SERVICING STRONGBACK,
o . POSITION DEPLOYED STRONGBACK O RMS TRACK CLEARANCE FOR PAYLOADS
1 SECTION INTO LATCHES or - ’ -
" STAGING AREA, C PRILLH -

8 RMS CONTROL CONSOLE

® ASTRONAUT IN EVA CONNECTS/CHECKS
U LaTches | © THO ARM CAPABILITY

© REPEAT PROCEDURE FOR } ’ .
" " REMAINING STRONGBACK SECTIONS. - LG _SUPPORT AREA - -

0 ATTACH CABLING TO srkonssacx E”“/"““
. USING EVA CREW, 0 R/MS/RMS TRACK

© ATTACH OMV BERTHING RING TO 6 COMMUNICATIONS S v o

STRONGBACK., ) - ccav
Coe R = AUDIO -
0  TOOLS/EQUIPMENT
- LIGHTS
- TETHERS

. ) . - =.TOOL CADDY
! i o . = LATCHING TOOL

iviclng'sirpngbaqk: Shuttle cargo:canistefé will be attached to the -

_‘side of the dtégipg area. -These c&nistgrs willlcarry all parta to be - -

" The staging ‘area 1s the Space Station structural interface for the ser—

'free the orbiter for return to earth and reduces travel of the statlon

‘manipulator. The interim storage canisters could be designed and con-

figured to be lightweight storage enclosures to provide thermal and

mlcrometeoroid shielding for storage of OMV, servicers, and replacement

modules.
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" The RMS construction crane lifts the canisters containing the stowed
o atrongback stru.:ture from the payload bay and transfers the canister to ‘
the RMS.  The canister. is transpo;ted by RMS to the staging qrea ‘and _ - thﬁ

" -the EVA crew.

MCR 84-1878 . -
November 1984- . = =

This phase includes remo§a1 of folded deployable eetfice attonéback S

i:support elements, deployment of the elements to full extension (by a

dual-armed manipulator or by astronauts in EVA), and the attachmént of

- _the five elements. The atrongback elements will-be automatically

latched using the RMS manipulator or latched and verified by astronauts
in EVA. ’ ‘ i

" Pigure 6.3.2-1 shows_a vigual representation of the‘debloymént:and !

attachment of the gervicing strongback elements.

attached; The RMS is used to.remove each strongback section from the-

:-: canister and assist in deployment. “Each strongback section will be
_ Jatched onto. the preceding section and will be’ visibly verified b; EVA

crew membera. » S ‘ . e ) ! }
The sttongbaok is composéd of’five 29-foot sections. Using the.RMSfand
EVA crew, oabling is removed from inside the staging area and 1s moved -
down along the strongback, being attached at appropriate locations by -

P T T LT TR T LT
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lifor use -in servicing vehicles.

g '//'? . : / ‘
S , ... MCR 84-1878 -
L - ‘ Noveumber 1984

’ Fi'gure 6.3.2-1 Phase 1-Service SupportlArea Assembly

STS CARGO CANISTER

/==

/ )
DEPLOYED

STRONGBACK ELEMENT

- \-STAGING AREA -

» 6. 3.2.2 - Phase 2 - Servicing Facility Assembly - The procedure used and'

discussed in Phase 1 is also uged in the assenbly of the servicing
facility. The elements of the servieing’ facility will be included in

»the first Shuttle mission.

. - The RMS will be used to attach individual track” scctions of the eervic-
7ing facility, with an EVA crew verifying latch-up. Both a support

cradle and carousel mechanism, to rotate satellites will be inotalled

 The fequitementé for inside the servicing facility are listed below in

Table 6.3.2-2. , - R
6-41
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<ok ] Table 6.3.2-2 Phase 2—Servicing Facility Assembly ) . . ?
- 1 - = . - T N -

- Y s -
b . :
: EVENTS REQUIREMENTS
P i -
3 ® REMOVE SERVICING MODULE BASE SERVICING FACILITY -
& i TRUSS FROM CANISTER. 1 LIGHTING AlDS

. Jhiy - ® POSITION AND DOCK BASE TRUSS AT |. @ WORK STATION ;
Lk ~';;§ - - INTERFACE POINT ON STRONGBACK . = FOOT RESTRAINTS E

- T/ 2 ' ® "REMOVE SECTION OF SERVICING © STORAGE BINS

— % sy - N - -
-/ ;b ) , FACILITY TRACK FROM CANISTER. © PAYLOAD CRADLE/CAROUSEL MECHANISM - :
/ AND ATTACH TO BASE TRUSS, EVA ©  THERMAL CONTROL :
! " CREW VERIFIES LATCH-UP, ¢ ASSEMBLY/MAINTENANCE TOOLS/EQUIPVENT
L ® REPEAT PROCEDURE FOR REMAINING - TOOL CALDY : -
s 3 . - SERVICING FACILITY TRACK - POWER RATCHET TOOL/BATTERY POWER
) % SECTIONS, TooL ) . )
o 3 -
; » : ® ATTACH CRADLE INTO SERVICING * = MODULE SERVICE TOOL
I & V- FACILITY TRACK. - DISCONNECT AND JAM REMOVAL TCOLS
Peo @ ATTACH HARD COVER SECTIONS. o BERTHING CAPABILITY
/o ® ATTACH SERVICING MODULE CABLING COMMUNICATIONS . - ;
' "TO STRONGBACK CABLING USING -cc TV -
EVA CREW. B ~ AUDIO i )
iyt 4 © CHECKOUT FACILITY SUBSYSTEMS, B . o
¥ | B - - .
e =TT - ; U ) ) L . RN oo :
(\\ PR The assembly-of the servicing facility is illustrated in Figure-6.3,2-2. o
- . ?l I i L ) ’ - ) R . 7 N . {-’r
- ‘ Figure 6.3.2-2 Pbase 2—Servicing Support Arca Assembly ) - L
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The RMS will‘position and doch'the aervicing hangar base truas to the ’
strongback EVA crew will visually verify latch-up. The RMS will
return to the staging area and remove a section of the servicing hangar o
track/truus.< The RMS will attach the track/truss to the base truss,
~with an EVA crew to visually verify latch-up. Thia procedure- is rc—:
‘peated»for the remaining sections. The RMS will then install the
carhnsel mechanism on the base truss and cradle support elementa>on the
servicing track. A hardrcover will be assembled around the servicing _
facility using the RMS with astronaut EVA support. Cabling attachments - .
_ by the EVA crew will be the final Btep in the assembly of the servieing,
' facility."— . : ‘

'6.3,2;3 Phase 3 - Fuel Depot and Services Storage Facility Docking -
The third phase of this TDM involves the docking and checkout of thé
fuel depot and’ installation of the servicer storage facility on the o

) servicing strongback.

Each of these servicing elements is transferred directly from the

Shuttle cargo hay tg appropriate interface points on the strongback
’usingithe station nanipulator. An EVA‘crew member-will verify latchéup

- .and connect all utility cabling. System/subsyatem\checkouts will»then

be conducted.- o ' ;

The major events and top—level functional requirements are listed in '
I fTable 6.3. 2—3 ) ’ ‘ o

Illuetrate& helow (Figure 673'2;35?ie:the transport of the'aer01cer
rstorage module by the station manipulator to the interface point on the '
'strongback The dual-armed tracked manipulator is one application of
the requirement to transfer these elements from the STS to distant

assembly installation points on the servicing arm.

6-43
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- EVENTS

" REQUIREMENTS ~

_SECOND $TS DOCKS,TO SS

* TRANSFER FUEL STORAGE DEPOT

FROM STS RMS TG SS RMs.
POSITION AND DOCK FUEL STORAGE
DEPGT TO INTERFACE POINT ON
'STRONGBACK, EVA CREW VISUALLY
VERIFIES LATCH-UP,

ATTACH FUEL STORAGE DEPOT

CABLING TO STRONGBACK CABLING

USING EVA CREW.

CHECKOUT FUEL STORAGE DEPOT
SUBSYSTEMS,

REPEAT PROCEDURE FOR SERVICER
STORAGE FACILITY. ’

ss T
@ FUEL TRANSFER CONTROL CONSOLE
FUEL DEPOT FACILITY . <
®  STORAGE TANK(S) MANAGEMENT DEVICES
© TRANSFER EQUIPMENT FROM LOGISTICS
SUPPLY TaNK(S) ‘ - .
> PROPELLANT LOADING EGUIPMENT FOR
. omv , ) :
© PROPELLANT TRANSFER GAUGING
" EQUIPMENT - o
- CONTAMINATION MONITOR
® COMHUNICATIONS
- - CcCTV

SER\;ICER STORAGE_FACILITY
@ COMMUNICATIONS
= CCTv -

© BERTHING PORTS

Figure 6.3.2-3 Pbase 3—Servicer Support Area Assembly
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Figure 6.3.2-3 presents a conceptual Space Station satellite servicing

support area containing many of the support elements considered requi- .

" gite to enable servicing operations at a fully-developed early Space .
" station.. )

‘ iIhe support area is connected to the Space. Station by a strongback sup-

port element, which provides distancing from the nucleus of the sta-

© tion. As ohown, the servicing support area contains a central servicﬁ .
':ing facility, a fuel depot, a Space Station manipulator capable of
. translation throughout the area, an Orbital Maneuvering Vehicle (OWV)

R berthing port, and a servicer/module storage facility.

. Conceptual Design

- The conceptualfdesign for this TDM configuration is.separated into two
© parts: the servicing facility module designs and the assembly and = -

'rlconstructionrsupport equipnent designs. Each part has its own unique

"2) This concern with thersensitiuity of payload instruments to various

design features and interface requirements. Based on information pre- -

'sented in the "Space Station Reference Configuration pescription"»docu-'
 ment,fthe conceptual design of the above items should address the fol-

" lowing concerns identified therein:

.

- Y
- EIN

1) Two dedicated work sites or "bays are required.~ one bay is needed - ::

_to perform servicing operations and the other’to perform refueling L;
. operations. Several of the’ spacecraft serviced or repaired contain
’optical ‘instruments ‘that are highly sensitive to molecular and/or

particulate contamination. Separate facilities for. servicing and »

refueling operations are necessary to prevent possible contamina—- -

tion of optics.

R =

' contaninantéAdictates that the servicing bay be separated and/or_

-"upstrean” from the refueling and fluid storage areas, from the '

- orbiter berthing area, and from any pressurized modules that may
_vent contaminants (e.g., laboratory or comnercial modules).

6-45
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%Vi§ ) —_— 3):~The refueling bay and fluid storage area should be located ‘80 as to -

, reduce any hazard potential to satellites being aerviced instru- »'
3 SR T mente/payloads externally attached to the station, or. station sys-

i ;tems such as the solar arrays .ot radiators.-

' 4)1;An'acceéa corridor with sufficient clearanceimust be available for,»:
" the OMV with attached payload to move close enough to.the station *
ST S ... 8o thatfthe MRMS can grepple and berth the OHV,end the payload. S

">load8 may be moved between the servicing, refueling, and storage
g areas. Also, Orbital Replacement Units (ORUs) must be moved be—»>

e tween the orbiter and the ORU storage area.’

*16)2 A clear translation path is needed'gor tnelmovement‘of EVA_crew;]fz
~ betwecn theicore'modules‘and>the servicing facility elements., .

7) ;The elements of the servicing facility will need to be provided
. with utilities including power, lighting, CCTV, liquid lines, and

. data/communications.

2T - 'ZTL'L o >8)1~The elements which make up a servicing facility that accommodates B

) L a). Servicing Bay. A cylindrical volume’ (not necess arily enclosed)ii'
- o T T which 1s.30 feet in diameter and 70 feet in length. This vol-
’ [ ':”?Vfi - fume allows for the berthing of a 15-foot diameter by 60 foot

] \:31215*7 - ,-long satellite with clearances all around for movement of" EVA :
. T ) © crew and the placement of work stations., The eervicing area

will‘have provisions for berthing payloads either by a-Flight_

e =k ek v ey pmabe e ee ewm

VT T TN W e e

tiee,_or'by trunnion'letcheé., Hoveable or reattachdble berth—
:t-l ing asgemblies would permit the berthinv of more than one pay— s
- Load . in this area. :

646

-_‘3fe5)j_MRMS access- to servicing facility elements is required 80: that pay— - L

oA, o

{2

-" . DR v
E’L¥ . - . - -
i T - - - - B T,. .

~i_IOC mission servicing are the following.lrrr’ - ] ;j;'. ;l'ﬁvv»;ngif

) Support Structure (FSS), which has tilt and rotation cepebilitor o
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'ihe servicing bay is attaehed to, and parallel with, the upper

" keel above the transverse boom,

Refueliﬁg Bay:

- . dimensions as the servicing area and similar berthing mecha—

.';-70 foot - length) and with the same berthing mechanisms.

1—nisms.

—.Satellite Storage Area:

The’ refueling bay-is situated on the 1ower keel just

above the ‘radiators.,

‘A cjlindticel volume with the'same

dimensiona as. the servicing area (L.e., 30- foot diameter by
.(This

ivolume_is in excess of the approximate 15-foot diameter b&

poses.

"mit this area to evolve into énother servicing area for the

- )

g)

oMy Stetege'Aree:
‘in diameter and 4 feet in length.

x5 feet.
“are placed on the power boom in board of the alpha joints for

" growth station.) The satelldte storage area 18 located across

the upper keel from the servicing bay.

Fluid Storage Area: An area which will previde facilities féf

storage of propellants, preasurants, and coolants for the pay—

loads.— It is located just,beneath the refueling bay at the top

of the keel exterisions,

The OMV storage area is

situated on the keel extension just beneath_the radiators. -
OMV Kits Storage Area: Two cylindrical volumes approximately .
15 feet in diameter and 4 feet in length.

the keeltextensions opposite to the OMV storage area.

" Each enclosed rectangular locker is 3 x 5
They

ORU.Stbrage Lockers:
"Ten lockers will be available for ORU storage.

convenient access from the servicing bay. .

" 6-47

However,; allocation of the additional volume would per— -

A eyiiddricalyvolume aﬁprbximately 15 feet’

They are located on °

A cylindrical volume with the same approximate :

‘,60—foot lehg volume which is actually required for storage pur- .
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} - . h) -Payload Instrument Storage: An enclosed rectangular éodp;:t; N

@ ; 7 » ~ment which is 10 x 20 x 30 feet. It is situated on the lower . ’
% " keel opposite the refueling bay. . . U - T
?_ . 1) "Tool Storage Lockefs:'-EacH.encloséd rectangular-compﬁrtment is

E- - 3 x5x5 feet. - Four lockers will be available. for t&ol stor-

o ' e age-frThgy are locatéd with the ORU storage lockers.

i '6.3.3.1 . Servicing Facility Design - The'fgr-térh ser&icing-facility

P : .- ‘design will incorporate technologles which have been developed. in other -

: T . applications. "Figure 6.3.3~1 shows the facility with an advanced

Vo *  end-effector developed for use on the RMS, the Telepresence Work Sta~ ~ =~
oo [N o - - . 3 S .
i - -tion (TWS), in the 1995-1997 time frame, .The IWS is discussed in
o - Section 6.6.1. ] ) ) '
T % . B Y . * . ope
T _ Figure 6.3.3-1 Conceputal Space Station Servicing Facility Bay
o 7 r Test and Checkout Equipment, _
i Data Procesting and Communication N
: - Contro!, snd Servicing Ares Controt - o . )
f Mobile Work Staticn . i
. wath Deta Duplay snd . R .- o
H Controts 1or Carouset and
' Maniputator Acm Operations ' N R
Umbilesl Connactions
: Y and Docking irterface
!]
1 ¢ Rotissene
i K Carourel
i 7 "
" i Telecpersted and/or :_
- Avltonomous Servicer o S\\ -
1
' I .
; | : -
i Ocbuter-Type :
' Som:-na‘eay
' Toot and . Doon
. I Module Storage i o . ! <
"" . B : Facihty 78 ; ‘ ~
I T o 7 oM g o g ?\—Suncmq Ares
; - : ?\ 3 . N N Strongback
P . ., P Sarvicing Facility Dedicated Scace
. o - Stowed /\ . d : C::r.:"l"om-omyona Dock1 OTV B ; i
. . ) . . Anottun B \ . - - ° ) with Carourel, - . ) R - !
| T - _
i
! N
i ; §
i -4
o \‘\__, 3
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6.3.3{2‘ Assembly and Construction Support Equipment — The purpose of

this effort was to identify support equipmeant concepts with,érésent or

future application to expansion considerations for Space Station. _The-

"approach use&:depended on the top-level events and requirements pre-

viously shown in Tables 6.3.2-1, 6.3.2-2 and76.3.2-3. _ Ifems on these
tables were‘inspccted to indicote those that are common to all tables
and also common ‘to. equipment currently available with the. Shuttle. 7
Table 6.3.3. 2-1 summaritea the types of major support equipment re— -
quired. in building onto the IOC Space Station. It should be noted that

the overall support. equipuent. complement needed in an operational Space

e Station, 1 €., servicing, manufacturing, etc., could well be a subset

of the- total tdentified in Table 6.3.3.2-1. Depending on the actual -
Space Station and Support Module configuration, and on-trade studies of

concept alternativea, overlapping assembly and construction suppo*t

_equipment will be combined into a composite efficient set.

Function e - ‘Possible Equipment
= Manipulators, Fixed Base . - Shuttle Remote Hanlpulator
-::= Trangporter, Mobile Base * < Rail Mouanted Platform (New) -
~ Dual Manipulator, "Attached -~ (2) Shuttle-Like Remote
- to Rall Mounted Mobile Base Manipulators )
- Portable Docking Device ~ = Universal Docking Unit (New)
.- Aligner S . - - EVA, TV, lLaser . .
S Fastener R : - = EVA, Manipulator, Portable :
’ L o Latching Tool, etc. -
—'Cherry Picket : B _ = Shuttle-Manned Foot Rtstraints
"= Tool Caddy - - Universal Tool Storage (HNew)
- = Lighting" - Portable Lighting Unit with
) S o ) Cameras (Shuttle Unit)
-~ Rotating Base. - - Carousel Mechanisa (New)_
6-49-
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- 6.4.1

'far infrared observatory will be in a low-earth orbit.

" MCR 84-1878 -
- Novenber: 1984

LARGE SPACECRAFT AND PLATFORM ASSEMBLY

- Description - The_éapability oflhaving on-orbit assembly and construc—

tion is a valuazble resource for missions invclving largevetructures.

.. It allows the mission to be flexible by not having the Shuttle bay
']limit the size and the masa of the various components. With the Space
. Station operational it can store pleces and assemble major compo-

: nents/structures that cannot be carried on a sirgle flight.

e -

: To. obtain increased resolving powcr, sensitivity, and broader wave-
: lengths, the size of the projected astrophysic pavloads would have to
f be increased._'Unfortunately{ this .means major components like the

. optical systen would have to be folded (a standard praétice) ... The .
;autonomous deployment mechanism will be very expensive, complicated,.

- and possibly unreliable. Modular assembly in gpace offers another '7>
"option that is technicclly feasible and economically attractive. Hav-

" ing man assist the structure can be simplified with the payload having
r:reduced masSS. .. .opo

~ The reference mission identified in Section 6. 1.3 is the Large Deploy- 7
'able Reflector. (LDR). It will operate between the 30.and 1000 micro-_ -

meter range and will be suited for observations of massive interstellar
_clouds associated. with active star formation. This submillinetet "and

ﬂ'The assembly and construction scenario for this reference miqsion (LDR)

is based on earlier. work perforned on contract NAS8-35042, “aninition
of Technolog) Development Missions (TDY) for ‘Early Space Stntion -
-Satellite Servicing. The specific mission identifier was TDW 4.

e e a6 et e g A o pmeh A R S
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The major accivities that nmust be executed for successful completion of :

,assembling the LDR from the space statlon are illustrated below in
[Figure 6.4.1~1. These activities are separated 1nto three phases:
Spacecraft Package and Primary Mirror Assembly, (2) Secondary Mirror

“and Sunshade Assembly, and (3) Orbital Transfer Operatlons. The mig-

. slon selection LDR and the assembly approach dependa on the assumption . -

. that ‘a shuttle or shuttle derivative can deliver to space Station the
" LDR's sttuetural elements reflector segments and subsystem modules.

There are five pricary components to LDR that have to be integrated:

“the primary reflector and its backup truss, science instrument, space~ -

craft, secondary reflector and sunshade. ' The modular design approach

. calls for ‘the majér subsystems to be physically separate during launch
and ‘assembled on orbit.- s _ - .
thure 6. 4 1 1 Assembly of Large Spacecraft

¢ DELTVER LARGE DEPLOYABLE H’.FL[C!DR (LOR) STRUCTURAL ELEHENTS AND REFLECI’OR
y[(»h[N]ﬁ '(0 SPAGE S‘IMION IR TUD ORBITER MISSIONS. - - -

ASCIH"LE LDR O S[RVICE STRUCTURE uTRGNGBACF U.)IhG MMU AND STA”ON RMS/WORK
PLATFORM, .
N 't/ i .:1 ~

e DVEPlAGY LDR 10 OPEPATION/L OREIT WITH OMV.

6.4.2 'Aseembly/Constructlon Scenario .

6.4.2,1 g§§5e417—>8pacecraft Package and Primary Mirror'Assembly -
Figure 6.4, 2.1-1 shous Phase 1 — the functional block flow for hand~

'ling the- modules from- the launch stowage location in the orbit bay

.

through the primarv irror assembly.'
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a
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_ Figure 6.4.2.1-1 Spacecraft Package and Primary Mirror Assenbly November 1984
) - Spacecealt & Sceentific : C s
. : Insiruments Berthed on } - Attach LDR Pr “
- Spacecraft &b Science Servicing Support Ared trac imary Narros -
Farst STS Flight h‘“— lnm:::»:m; Mated m—“'_ Slr;:vqlnf.\:Conduct '_#_ Segment Clusters 10
[Dachy at S$ - |Cargo Bay _ T Tests Screntitic Package
' - A s i -
i - Umv-e;ul ‘= Shuttle RMS — AMS/AMS Track . - - RMS/AMS Track .
i . Doching . "= BMS Contio! ~ RMS Control Console ~ RMS Control Console
' ' System Console -~ RMSAYork Platiorm - RMSAYork Platform
t N - - EMU = Assembly Tools &
1§ — Berthing System : Hatdware
H ' — Alignment £quipment - - - Work Plattorm
i - - — Attachment Hardware © = Power Ratchet
; L =~ Communications - . = Miscelianeout Tuols
1 ~cciv —EMU -
! . - Audia - Communications -
! - -cciv
' . - . - - Audio N
' i ) - - . « Helmet Mounted CRT -
H - o Ouplay -
}' . . Initially, the spacecraft is wated to the science instrument,.-This .. .
T ~. could be done in the cargo bay or on the servicing support area of the - . -

: . . Space Station. - Figure 6.4.2.1-2 shows the C4rgo bay option in which -

SERVICING FAcunv-/

LUR

INSTRUMENT Packact

LDR SpAcECRAFT

fuee Depor -

SPACCCRAFT/SCITNTIFIC

ACKAGE ———eo—

E»F&me&%;bgLDRAﬂmmeHmwlﬂhmo&wf

’

»
ARGV

. w’
SERVICER Y A .
STCRAGE ~ N4/
. ? - A}@ J

the LDR science instruments are mated-to the LDR spacecraft using the
i - S ‘shutfleicargo bay RMS. This packége 18 transferred to the Space Sta-

: tion RMS which will then transport‘énd attach the spécecraft/scientifié
o o Vinatru_m'exit paqkagé to the rotating ring 1dqa}ted on’ the servicing
e - strongback to aid in the assembly process.. - I

~RoTATING
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The ;noat im;;ort:ant feature in the modular design is the interfaces.

- They should be simple and straightforward with asserﬁbly accomplished in -

a c(mfrolled manner. Tests will be conducted to verify the integrity
of the spacecraft mated with the science instrument. The next compo-

nent éttached—ia the primary reflector. The mirror is attached in'éeg-

ment qluaters to a backup truss,

An aésembly approach of the LDR primary mirror segment c]:ust;ers is 11-

;Lust:rateq in Figure-6.1+.2.i—3. "1"he Space Station's dual arm RMS, trav-
“eling on its track network, delivers to the. assembly area one of the. -~

" LDR's primar‘y reflector segments. Aséemb.ly~ is accomplished by astro-

naut EVA, with the astronaut l_oéated on a portable work plaf:form_g:hat: :
is mounted on the end of the RMS arm. The work platform will contain
specially designed attachment tools, RMS control conmsole and video - i

a8 bfeéentafiqns of assembly procedures.’ The rotating ring will be used

for the 'aéaembly of follow-on segment clusters.

" Figure 6.4.2.1-3 LDR Assembly—Phase 1 (Mirror Clusters) 7
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6.4. 2 2 Phase 2 - Secondary Mirror and Sunshade Assembly - The. next

| " - ' Shuttle flight carries the secondary mirror. This starts Phase 2,

" which involves the attachment of the secondary mirror support,rsecond-

ary mirror and- the LDR sunshade as. shown 1in Figure 6.4.2,2-1, The;.

N ‘; secondary mirror is attached to the primary mirror by a tripod struc-
;} T o - ture. . This is accomplished using Shuttle RMS/work platform ‘controlled

E by astronaut in EVA operation. Assembly equipment and‘assembly tools

?‘ ‘l -, are situated on the work platform. Following attachment of the eecond—

' N ary mirror, ‘LDR primary and secondary mirrors are operated, evaluated .

7 and tested ‘

The last major component the sunshade elements, can be attached to the

primary mirror support assembly at this point.'

C Figure 4.47.2.2-17 Secbndqry Mirror and Sunshade Assembly Functional Flow

; Lol e o, PN _ Duplay

Therdeployment of the individual sunshade elements is demonstrated in. -
"“_naut in EVA operetion, and remaining elements are attached to the ad-
joining sunshade segument. Following completion of sunshade attachment,

_the LDR asqembly is complete.

[

Figure 6.4.2.2-2. The initial sunshade element is deployed, by astro—f‘

57;’» .. . The systeam is checked out by performing an operatfonal validation test.:

. N N Remove LDR - Attach Secondaryf Tent LOR - {Perform Subsys-
. © {Secom! STS ‘_ Seconaary Murocii( Airror & Supputt] L“_ Primary & __,’ Attach Cylindss »—“— tem Checkout
N Fhght Docks & Support Assy || |Amsy 10 Evotving Secondary ca! Sunthade % Operationat
: to S§ - [Cannters from LDR Mirrors to LOR Vahdatron
¢ T = Universal — RMS/RMS - RMS/RMS ~ RMS/RMS - - EMUMMU
: Docking — RMS/RMS 3 Track . Yrack Track - Communi-
: ' Systemn . Track . =~ BMSControl ©  —~ RMS Control ~ RMS Control cations
' - ) . - = RMSCon- -~ . Console Cansole Consols - §sGC
o " . . ~ trol Console — RASWork ~ BMSAvork - - -~ RMS/Mork - SSMC [
: T - . - - - . Platlorm L Platform Platiorm - Audi0o - R R
. A . - - EMU — EMUMIY -y T=CCTV
- L N . " . —AsuyTooh& _ - —Cor S =C i :
! . - Hardware ) cations - estions -
' ~ Power .~ SSMC ~CCTV - .
.. - . ' L.t e <+l Ratchet -85GC e ~ Audia : . c
H A N - — M - - = Attschment -
i - - . - - - Communs- ” - - - Toohs & . - - o
. - _  cations - Lquipment
o - - - . - - =-cerv L . . R .
~ - o B S, —~ Audwo N 3 _ : - ST T
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msbadc and Solnr Arrays

‘ Figun; 6 4.2.2-2 Phase 2—LDR Assembly of St

~

4
»

TR

i
i R
:
) - : 6 4. 2 3 Phase 3 - Orbital Transfer Opera tions - The lLarge Deployable
! ) . _Reflector is now ready to be transferred to its final opera tional -
. orbit. The orbital maneuvering vehicle (OMV) is checked, refueled, and
» i Sl ) .
. _ U transferred to the integration facility. “There the LDR and the OMV are
: .+ mated as indicated by the functional flow shown in Figure 6.4.2.3-1.
! — . o L . s : o -
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: - S . o . .
. -7 . - .. ' Figure 6.4.2.3-1 Orbital Transfer Operation Fuuctional Flow
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" n Console Console Console -~ Communi- ~ NMS/RMS Track
g - . = OMV Controt - OMV Control ~ RMSAVork T eatong — RMS Control
[P - Console - Console Platform N T~ 8SGC Counsale
o R . -~ Power Supply & — Berthing System ~ OMV Control ~ Servicing Facility
- T . - Controly . - - Aligmment £apt Console - Communicationy
| - ~ Fheckout Eqnt - Communications = Becthing System -CCTV
- - - CCTV — Ahgnment Eqpt - SSGC
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A Space Station mission control- crewmember will use an RMS»cpnéele to

mpve:the:RMS over to the OMV berthing port and grapple the OMV.. The

RMS controller will then move. the mated and checked-out RMS/dMV to the

© fuel depot for a’ remote refueling operation. The OMV is attached to . -
the fuel depot and loaded with fuel/or mission load. The OMV is trans—

ported and mated to the LDR structure.

The OMV/LDR w@ll celd—gas away from the space station to a_distance of

2000 - 3000 feet to minimize contamination from the plume of the oMV -

maln engines, and complete‘orbit transfer operations.

Finelly, the OMV will take the LDR tb-operational orbit, release 1t,4

anﬁ»return home to be refurbished as illustrated in ?igure 6.4.2.3-2.

~ Figure 6.4.2;3-2 P})ase 3—-LDR Assembl_y/De]iver;_ R

- 6-56
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- Construction scenarios being developed reference deployable mooules or

:.‘MRMS. Besides having this crane, it serves as the logistic vehicle be- )

L
4

S ' C T _ MCR 84-1878
. . November 1984

Conceptual Design '

crane will be able to hold then in place.

tetrahedral substructures on which hexagonal mirror facets.are locateo

using a special remote manipulator. This manipulator rould be the

tueen the cargo bay and the assembly facility. The scenario gtarts
with the MRMS removing the scientific package; the mirror facets, and
structure snd delivering them to the assembly- facility.i The observa-
tory instruments are attached to a "temporary" support structure that:
initiateaAthe assembly. This structure permits<the-packaée to rotate
about its centerline. The centerline is‘cantedr7°:to ease assembly:

" work. -The crane 'is important in locating the support structure on the
instrument module, The frame consists of. tetrahedral trusses assembled

"inrrings with the interior rings attached to the instrument module. As

sections of the support structure are completed hexagonal oirror

facets are moved from the MRMS and secured to the structure by EVA as-

tronauts on the foot restraint manipulators. Attachment is via three. =

points that are motor controlled for fine positioning.» The instrument

~module pivots about the mirror axis, thus permitting the astronauts to

sssemblerthe'mirror with moderate motion of the work station to which .
they are;qttaqhedf ~The MRMS need only translate front and back. - The

’7° canted axis pernits the entire wirror to be ossembled with eleva- -
-tions of the astronaut not totaling more than three feet. _One or two’fx

' rings could be assembled during each revolution of the nodule,

flector. 'If the mirror panels are too bulky for two men, the MRMS

st T

“Two EVAiastronauts could work together in assembling the primary're-" R

V‘A=~
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The next component to be assembled is the sunshade. The sunshade nay

consist of a number of tubular structural elements that are joined .*

' together by.simple latch connectors. A blanket of optically opaque .

B material comnects the. structural tubes., The shade is builtnfor one'
side of the hexagon., As a.shield is finished, it is pivoted at the

S mirror-shield interaection and raised by the MRMS crane manipulator.

P APt et e e
'

bt e em e

One orﬁboth EVA astromauts may be used to:construct the sunshade. .

e et X LRI

|

E; , _ 'Once.twq>éides of the sunshade are erected, the support structure. for

§§’ E .;' ¥ the secondary reflector can be assembled. It will consist of - circular ;

?‘E L » tubes, raised and locked together to form a tripod. With two legs
'E L ‘7 ’ '? : fixed “the tripod can be rotated to‘its final position.. With thé

é ; ' - secondary mirror in place, the remaining four sides of the sunshade.can

B © be- completed. A number of studies both completed and ongoing are- dis—

i é-, ) E ) :' ; cussed in references 15, 18 & 31 ’

£l o o - e : - -
%; o }’A,- ‘ The MRMS crane and EVA astronauts are utilized in joining ‘the SPace--

E,; o Acraft with the sclentific instruments. After all final checks are E

L . made, the LDR 1is placed into orbit with the-aid of the OMV. .

R SN .
f " © 6.5 ' GEOSTATIONARY PLATFORM ASSEMBLY - . R

lhé eseembl§ and construction’(A&C)‘of a Geostationary (GEO) platform

represents assembly and construction techniques that are most. futur-

istic due to a number of new constraints. These constraints’ also open

e N B

up a. number of new alternatives for the assembly and construction o

[ T

7 “-spacecraft eystem designer to consider. Figure 6.5~1 1llustrates the :

P

primary'range of alternatives open to the constructable and maintain-"

S

_able GEO platform designer that have the greatest impact on aveilabil—
- ity of construction materlals, support equiprment and personnel, These

s

.. ares 1)‘aésemb1e or construct the GEO platform completely in low early

orbit (LEO) and transport to GEO as a single unit, 2) assemble or- con-

struct the GEO platform as modules and tranqport to GEQO where final : S

assembly would take place, and 3) assemble and construct the GEO plat— ’
L form. completely at GEO. ’

o
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Figure 6.5-1 Construction Location Options -
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" The A&C operational mode selected ‘has a significant impact on conatruc-,

;.(1 ) o tion scenarilos, system designs, and program costs., A review and as-
E \‘ S sessment of the above options resulted in selecting item 1 from above
E  .ifor furtheridefinition. Rationale for selecting 1 over 2 and 3 de-
g,- ) . » pended on»the_obéervation and intuition that 2 is more costly than the ~ o
i - - other feference missions; and that 3 would most likely involve humans
: at GEO.. ' . . S .
gé‘ A major problem in utilizing humans in GEO is the long-term effect of
f; o ) radiation which 18 minimal im low earth orbit.’ To reduce the radiation
L2 o " doses to man,.a composite shield 1s required, comprised of a-low dens—-
;;~ L i{ o ity material to. absorb electrons, followed by a high density material
hj ’ - ' to deflect the. Bremsstrahlung (penetrating secondary x—rays) Ihe high
g: ' energy protons resulting from solar flares present a more diffieuit> )
gg shielding problen than electrons. Therefore, a strategy based upon
;i? solar ptediction, codpled with a well-shielded area of retreat, may be
EE i applicabie; The effects of radiation are cumulative with time. The’
gg }’“\ longer a crew is on orbit and the more time spent in: ssulted EVA, and
%ﬁ ié;,} . ;>} - the 1eas,protection:teceived from»the EVA suit, the more protection the =
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habitat must provide. The'added.impact'of the shiclded babitat being '
transferred to GEO is an extremely high cost item and should be com~ .

o pared against a teleoperation control mode from ground.

‘ 6;5.l>‘bescription ]
SR :'3:7Therreference‘mission selected to represent this cases is an advanced
- ) Vcommercial communications system configured as a single large communi-
_ cations satellite in geostationary orbit, (3) Its purpose is te. inter—

:zi;f connect approximately 25 million users anywhere in the u.Ss., direct

G . from user—to-user througt wrist-sized radio telephones, according to
;-f 2 . _‘; ) the "NASA Spaee Systems Technology Model," Volume III, fifth Issue,
’ . dated January 1984 This specific mission is covered under the section L
‘f> ealled Landmark Misglons and identified as IM-7. This is a fairly

'E S ::'~71 : 1arge satellite in that it measures over q00 feet from tip to tip, with
’ “*j an antenua that must peasure between 230 to 330 feet in diameter.~r - =
I o . Y
- The satellite is expected to- weight 30,000 Pg, have a 300 kw solar cell -

{”“ power system, and transfer itself to GEO following &ssembly and check-

S Large platforms of this type will requirc two or’more Shuttle launchesA

" to place ‘their components in LEO. It 1is proposed that by the time’ this
syatem 1s 1aunched it will be assembled by human-like machines (intel—’ff

ligent manipulators) with aatronauts as contingency bacPups.» Once’ com-

pleted it will be propelled to GEO using relatively low thrust chemical

‘-1 rocket engine or electrical propulsion (EP) systens. The adyantage_of,

'?;‘ SO an EP system is the large electrical power gource on "board needed for -

- comzunications would power ion engine to perform the transfer. Once
the operational orbit is reached, these ion engines could be rotated to
% . serve for on-orbit attitude and stationkeeping translational control.
Also, the modular configuration required of the electronics to allow
unmanned: repair in. the operating orbit lends itself well to initial
asaembly by similar unmanned systems. o S o

* )
- e

660



T

1 - . . : o . S S Lo

1
b
;
1
. r
.
‘
i
|
0
t
i
.
;
- H
- 1
i t
5 :
. LY
'
‘-
_ :

,Tablér6.5.2-1 Ovefv:few of Satellite Assembly 7

R e et A lstiod - - - - . - - o grrsvars vy
ARV Pt P —- — - - T o s s Ain ke s e bt et e 1+ T B

MCR 84-1878 . -
November 1984 -- °

6.5.2 Assembly and Construction Scenario

- Since this satellite represented a future capability the asseubly site -
selected is based on a LEO Space Station configuration that nay either

- be manned or unmanned

The scenario ptoposed 1s separated into* three phasese' a) initial GEO
platform assembly of satellite at.a LEO'Space’Station base, b) checkout
and deploy modules.to GEO, and c) actlvate in GEO at satellite opera-'
" tional site. o )

The major activities and functional steps required to execute the
assembly portion of this mission are listed in Table 6.5.2-1.

Activity‘Events Sample.lp' ) - Assembly Support Equipment

- Position Rotating Base on Assembly - Work Station and Adjustable Rotating

© Fixture . Platforn : ]
. = Remove Package* from Payload Bay - RMS Access and WOrking Envelope - -

~ Transport -Packages - = MRMS -

~ Assemble- Base -Support Structure ‘ - Advanced MRMS-

= Deploy Package Sections and Attach - Advanced MRMS/MMU .
_or Attach Deployable Sections to . . : )
~ Structure and Deploy ) : e T L

- Remove and Setup Antenna Surface '——VMRMS—TWS N
Alignment and C/0 System L S

~ Rotate Structure as Required " - Remote’ Control Console

- Attach Space System Support - MRMb—TWS

. Modules and C/0 Electronics

- Release from Assenbly Support . = MRMS -
Structure ’ ) . :

- Deploy from Space Station and - OMVs and MMUs~
Perform Final c/o Prior to GEO : ’
VTran fer

. major components., S ) ) . -

*Packages consist of deployable structures, and modules, i.e., subsystemo and

6-61

o Bt gt oo amris Sk e kg v



TR T T iicaxii T

R AU CUPL TSRS VR PEARE RS B PR SRR

N

R T Y

6.5.3

'MCR 84-1878
November 1984

- The assembly overview includes removal of folded deployable'antennarv
. eections and support elements from the cargo baf. Transfer to the

' assembly site where these elements are deployed to full extension (by a

dual—armed manipulator or by dual MRMSs moving in oppoaite directions
along the keel length) and positioned and attached at the proper loca-

7‘tion. The same or similar gteps are repreated until assembly 1s
" completed. B

' Conceptual Design -

" :?1éure 6.5.3-1 shows a vlsual representation of the satellite on its
'rotating support flxture that in turn is mounted on the large space
'structures assembly support beam. This beam runs perpendiculardto the

) main keel structure. This configuration provides greater flexibility
:4in adjusting to various satellite diaméters and also provides a work-

_site with greater>eompatibilityreo,a standardized maniphlatpr reach.

Also, due to the overall length of this satellite (+500 feet), it may
V‘pe,necessary,to havewa separate co-orbiting space platform for assembly -
‘_of.the Strecture, ‘Sore large space structures have unique satellite

characteristics that make it difficolt to assemble»satellites with high;

. accuracy uptics and large antennas in the current'Space Station envi-

- 'Station could provide an asseambly environment with lower contaminants, .

ronment. For erample, a co-orbiting platform separated from the Space .

: lower vibration diaturbances, greater worksite flewibility, and be able.

7lto accommodate large satellites. _For additional information see

reference 30
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ANALYSES

~ This gection orovides a collection from prior sections-on analyses

» trade studies relevant to the Mobile Remote Manipulator System (MRHS)

~ respect-to the fou;rreference mission models is described. ' The comaon-_

e e et o e a e
- -,._.._-_, - —— o

design characteristics and utilization concepts. Also, a analysis™ of

the. commonality of general asseably and construction hardware with

'élity provides the basis for the automation assessments presented in

,subsequont sections. The initial cut at a common list of ACSE is pre=

gsented in Table 6.6-1.

Table 6.6-1 Summary of Assembly Construction ‘Sz-:ppa’r"z Equipment Candidates

’:rPrimary Sopport Equipnent Candidates
" 1. Shuttle Remote Nanipulator (RMS)
2. Mobile Remote Platform
3. Mobile Remote Manipulator System (MRNS)
4, MRMS with 2—20 ft Arns (RMS Derivative)
5. Telepresence Work Effector . (EVA Analog)
6. Moblle Foot Restraint (HFR - Shuttle) ’
7. Closed ~ Cherry Picker -

-8, Universal. Docking (Bcrthiné) Unit ) 1
-9, Fasteners (Inherent in Design) - ':7_" - oij’“ _;;"
10. Fastener Tools, (clamp, weld rivet, etc)

- 11, Universal Tool Storage Unit ’
12, Portable and Mobile Lighting/Cameta Unit
13. Portable Control Box/Pendant’ 7
14, Special Function Manipulators (5-DOF or Less)
15. Carousel’Mechanism (Satellite Assem Fix) »
16. Structure Deployment Aid.
17. Alignnent and Surface Accuracy Tools (Gross)

[P ~a - fe e Cae o

ced S S - t
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" Table 6.61 (éoizcl)

; 18. Aliénﬁenf‘and Surface Accuracy Tools/Sys (Fine)

f} 19. checkout ‘fools, (Mechanical, Eleccrical and Data)

. LT . Zb. Portable Deployable Sun Shadc»

T ] o ,7£:: - 21, Special Purpose End Effectors (Manipulator Exchange)

6.6.1 "MRMS and Other Trade Studies -
) o ) .The,MRMS, as described and 1llustrated earlier in this section, con-
f, ., "slsts of three basic elements or layers; -level 1 is rhe<ttack layer, 2
“the central element and the top layer is the logistics platform. The -
., following stp@y éapa are functionally btganized by the MRMS elements.

6.6.1.12’Track'Layet -

i f a) Track Concepts - The present ‘concept envision° a-set.of two paral-
lel tracks the size of the IOC space station cube structure ele— .
wents (see Fig. 6.6.1.1-1).- The tracks are designed to slide on

. f.‘ . _k,: "2 f;,~;p1ns 10~ated at the nodas of the structure.

- s - The MRMS must-be attached to the structure on which it is working
: frt"»fv' B ©. .~ because it has no free flying capability. The IOC structure is -
o ' p;dposed to be composed qf,tubing and there are several attachmeat -

; o .  { 7 options as shown in Figure 6.6.1.1-2.
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R | ’ - o A Switches -
: _7r___?g?)xzzxs3zsEz:5::uzs:zzzacz::a:sszgé('§<¥//F—_ <,%§§%EEEEEE§§SEE

H
I

Figur(' 6.6.1:1-1 MRMS Track Layer -~

o J

. Thg first (top) concept shown in the Figure is_the<1ehding'cﬂqice
for attachfng"the'MRMS to the structure: Most of the other con~

. cepts have pfbﬁléms with moving in the required two orthogonal
.' dircgtiéns;;lThe addition éf the pins at each node-pinimizés the

ﬁcight and’modification needed to the existing strucfufe conCth.

-Adding tracks. to the structure would result in significant weight f'»i:,

:.’problems. o

g
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ATTACHMENT

_ COMMENTS

ADVANTAGE-Lightweight Vehicle , -
Minimum Modification To Structure A

ADVANTAGL-Lightweight £~

DISADVANTAGE-Special Track Tubing ~
. Problems In Changing Directions

]

ADVANTAGF-No Nodes Or Modifications To The Structure

DISADVANfAGE-Grasp.& Release Several Times To Change Directions

DISADVANTAGE-Extra Mass To The Structure o -

- e

CISADVANTAGE-[nability To Change Planes

DISADYANTAGE-Sae As Above . . - e,

DISADYANTAGL-Added Mass And Complexity To Structure

. Figure 6.6.1.1-2 Attachment Technigue

"The abili;y_to_gove normal to its facing direction is accomplished

B through the use of switches at the corners of the track structure.

By turning all joiﬁts 90°, the tracks are realigned to move in that .

direction.




- as shown in Figure 6. 6 1. 1-3

The node should be flat with-a Stem diameter equai or greater than -

MCR 84-1878

* November 1984 _':i )

: b) Node Shapes - The Qhape of the nodes varies with the mating track

the radius of the top disk. - With the surfaces of the head and

track parallel “the vehicle will be totally captive with good over-

- .flap of mating parts. The corners should be slightly rounded to -

reduce binding problems due to misalignment.

* b
.

NODES TRACK -

COMMENTS -

56

Z
C:'

Due to bevels, the edge of the
nodes wear due to point contact
instead of"surface contact

“Not enough surface area to re-
tain good attachment

-

Higﬁhstress tohceﬁtratloﬁ at
the intersection of the stem
and the head -

Non-Symﬁgtrica1 éhape makes )
attachment difficult when moving
in-a orthogonal direction -

A P

Contact surfaces are f]at, in-.

creased area contact and .
friction .

Rounded corners, easier for
track to slide on W1thout bxnd-
ing from w15a11gnments

) Figuré 616.1.1-3- Node SIJ'{rpe Options-

6-68 -
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c)

" The IOC structure is made up of 9-foot length cubes.

" a sliding motion between the track and the node.

i Build-ups’andltenpetature hot spots.

MCR 84-1878
November 1984 - -

.Ihe passing of tracks over nodes is the\most feasible concept for
" the Attachment of the vehicle to the structure, but it is also a

functlonrof the drive mode (level 2). Currently, the addltion of

nodes ‘is the reference configuration.

-As a result,

the track 1engths 1nc1uding switches are 9-feet long. The length

"of the tracks will determine the tolerances between the node and

track. There is

never a case when there is more than one node on a single track

Thermal gradients will tend to twist the tracks..

section.

Rolling Motion Concept -~ The above node and tracP concrpts iuvolve'
A posaible ‘

ralternative would be incorpotation of a technique using rolling

motlon, as shown in Figure 6 6. 1 1-4. o

-The rolling contact will reduce friction and wear on the system,

but also adds a greater degree of complexity.

Lubrication at the sliding interfaces will help reduce friction
The lubrication will be
either a. sealed fluid or a dry type that is a space qualified

technique.

4 6f69 )
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Roller Balls

\

N
v
R
LA

O N
JqOW

Rolls On-Its Axis

F1xed

Corner Switches - The switches at each corner of the tracks will

©  rotate a minimum of 90°., By rotating each of the four corner,

"ﬁr’switches in the same direction, it allows the nodes ‘to owitch froa

. ome. set of tracks to the- other.

When work' is.being done by the upperAievel crdhe‘or pcéitioning
arm, the stabllity of the tracks or its ability to stay rigid in

relationship to the structure isiimpbrtaht. The switchés-need,to>’

be locked to the node. This can be done by a cam arrangement such

that as the switch turned, it would tighten at some point be&ondr

“the 90° rotation. Table 6. 6 1.1-1 compares the motor controlr

techuique for each corner switch

16-70 -

4.

KT i
C—

R B TP




RS |

ENCera

s — _)
T -
ra)

\
O B M E A et SR e

rhoons

P

- Py

f'r"i,-?"t e 3 gt
o v LN ey

"

-~

.

-
-

B

tinge

o

T E

R e

y
R T RSN ,
R FRYMNGHR L

s

.
I8 by nin ra S L st g

PP S R

s

R O R L v

s

PLACI L S

— - N
[N VAR HE G Sk R LA
R A N

e
% ,T,_‘; o L

RW

iy i

Nt

i,

[P

[T RN AT A Y

MCR 84-1878 °
November 1984

- Table 6.6.1.11 Corner Switches Motor Control Comparisous

Mode.of Control

One motor controls
all four switches

Comment

- One notor controls all switches simulateously
through linkages ‘

- A1l four switches turned in same direction

- If one switch binds, everything binds

One motor controls
a palr of switches

- No advantage over one motor per four switches
- Both pairs nmust be controlled in unison if the
vehicle is to move in the orthogonal directilon

Individual motors
on each switch

- The capability to adaptiwely tighten its grip

- Fine adjustment of each switch to change
orthogonal direction

on the individual node; e.g., the movement

produced. by the crane may require the froamt
" two switches to be fixed rigidly whereas not .

the back switches.‘ - . ;

. There is no advantage in having ouly two motors, One notor for .

each switch has the capability to adjust the grip on each node, but- -

- 1f the control for one of the motors fails, the vehicle would not »

be able te'change direction.’ The same is true for the one notor

'mode when a switch failq to turn.r In either case,- the MRMS would -

. have to be repaired. A redundancy can be built into the one motor

" system- by adding a backup motor. There is a tradeoff between -};c_—

L - LU - ,;"redundancy and ‘added mass. T o ’ __'“

Sensots will be needed both internally and externally to theﬁ’r
- switches. The internal sensor input will be the pointing direction

'of the;switchea.

The external sensor will determine the relation—

ship between the switch and the nearest node.

"6.6.1.2 Central Llement — Level 2 is the drive layer. . There are a .

Vfﬁ“1 © " number of possible drive techniques as shown in Table 6.6.1.2-1.
PES . - - ST
f.-iﬂ\""
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Table 6 6 1.2-1 Drive Tecbmque AItcrnatwes
' | Type of Drive | Amount of Scar ~JAdvantages/Disadvantages |
: : 1 ] :
[ o _Push/Puli -'Draw bar | Nodes on structure | + Very light & compact
i o pulls out and at- | joint | + Minimum scar .
- taches to next set” | |
i ¢ | of nodes. Once at- .| . | - Size determined by ) e
: .| tached, draw bar |- |  structure , N
: : will’ pull entire- I - | = Not very fast -
ti »vehicle. . ] | -
| - | -~ :
; N T | o : . | -
: 1. Wheeled-vehicle ] Method of attachment | + Very fast movement |
. " | rolls about struc~ | must be revised to - | R, N
: . | ture surface - | conform to rolling . | - Complex mechanism -
: ‘ | C g | vehicle. .  Need tight | for stability [
- i | tether or rail for | - Problem changing~- |~
- | attachment. | Direction A
| | | S |
e Rotating cable or | None for movement | + Fast movement -
C . ; -chain that latches | but possibly for [ T .
K | attachment ' | = Length.of rotating | - -
: 1 .~ I device dependent-on | T
R ] - | truss dimensions’ B T
! i | - Complicated. .’ v
i ] ! “mechanism-
; ' ' '
: T - T I
' obotic crawler | None. | + No scar - :
: | reaches and position | I T ’
! - | 1tself to move | | - Not very fast S i
: S T | | - Complicated. N )
| - ) i | - Heavy : ]
! {7| : | | ’ .
e The drive level is the means by which the vehicle moves about a struc-'
: ture. One basic requirement for the space station IOC is that the
i vehicle has the capability for movement in -two orthogonal direction.. ’
i -
; =7
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1

Reference Drive Configuration - The push/pull system is the refer-

ence drive configuration from the Langley paper on a- Mobile Remote'

‘9§__Manipulator System. - The drive system consists of a drawbar at-

1,tached to the vehicle by a set of gear racks driven by a DC rotor.

;'EfThe drawbar is extended to the next set of nodes where the base is

.locked. By pulling the bar in via the DC motors, the entire -

:3i‘vehicle is pulled forward.

" tween wheel and structure. A device would have to be developed to S

inAlternate Drive Concepts (see Figure 6.6.1.2~1) - A wheeled vehicle

:would be motor driven with propulsion accomplished by friction be=-

.izlihold the wheels in contact with the structure. -

'The:roteting'oeit is a pulley System that would be deployed to a.

‘minioum length of’two bays. - it is very similar in concept to the

push/pull scheme. As the latches on the belt catch the next cross
) struts, the vehicle is pulled rorward to that point It would

repeat the scenario on the next cross strut.

Ce=73. oo oo

T Wheeled . . ...
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The fourth mode is

a

crawler.’

" MCR 84-1878
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With a minimum of three arms, the

‘crawler would systematically move one arm at a time to a new refer-

;-

. ence- configuration forward

» work its way forward.

- By~ attaching ‘and releasing, it would .-

The push/pull reference configuration is the 1east complicated r}vr S

drive.

- It is well suited to a space station truss type structure )

" and has many advantages as noted in-Figure 6.6.1.2-2.

MRMS DRIVE MODES-
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I 2- 2 Dlwe Mode Effects

O ueeative errect -

: .The drive system is built above a roll drive in which the MRMS ‘can 5; -

move orthogonally to 1ts present_ direction by rotating the drawbar

90,

The track systen isrdesigned to rotate,the»corner switches -

when»the'vehicle isAreQuired tormove;in that direction. o

6-74 .
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. rate of the push/pull drive.
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Spanning Rates - The one. ared that is not optimal is the'spaohing' )
A scenario and predicted spanning.

- rate of the reference drive is shown in Figure 6.6.1. 2—3'as com--. .

’pared to two ‘other methods——a rotating beam design or'a inch-worm

- design.. LT
» - — . g PREDICTED RATE IN
VEHICLE - PATTERN OF MOVEMENT SCENARIO SPANNING 400 FT.
- : . © - —— {0 LOCK DRAWBAR e
- - R EES - - | PUSHING TIME - 80 MIN.
S : Tila]slais] | lo pusu rLaTrorm ForwarRD ‘
. @ ¢ = - © | LATeHING TiuE 45 hrv.
“ % L one cuse AT A TIME | LOCK PLATFORM | (45 8AYS)
PUSH-PULL X e o RETRACT DRAWBAR .~} TOTAL - 125 mnt
) - 2 3,6 - - {o”LOCK END o -
- : : SWING TINE - 33 MIN. -
@@ . o PIVOT ASSEMBLY
- : : - ) %AACH“‘G)TIME - 90 HIK.
- . 1 S5 eme o LOCK OPPOLITE END | 45 BAYS
.2 v N S o p1vor assemaLy TOTAL - 123 Mt
ROTATING BEAM - - | ONE WIDTH AT A TIME o -
o LOCK FIRST PLATFORM

ALTERNATIVE - .

[=]

o

o

- {1ST PLATFOIM 28D PLATFORM

o

Inch-HoR e oo | FINE BAYS AT A TIME.C

. PLMFOPH

REIMOVE SECGHD PLATFORM
EXTEND ARM

REPLACE SECOND PLATFORP
AND LOCK

PEHO"E & PETRACT FIRST

ARM Tmr - 67 MIN. .

ALIGN & LOCK TIME -
32 HIN, ,

TOTAL - 99 MIN.

Flgurc 6.6.1. 2 3 Spmmmg Ratcs of Diffcrent Modcs of Movement

From the predicted spanning rates, »the push/pull vehicle would re- 7

quire the most time.

sacrifices storage space and stability._'
faster and takes advantage of the 50- foot reach of the RMS.

: welght in the Shuttle cargo bay.

fortunately, the second platform takes up considerable space and

The rotating bean is a. little faster, but AR
The ‘inch-worm drive .1is. 20“'

Un\

The rate at' whichs the pus h/pull drive travels is a function of the

mass of the vehicle, the torque advantages of the rack and pinion,

~and the size of the DC motors.

-
e
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"'l;,r» 1a malfunction in the drive.
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d) Alignments - The gear rack supports the drawbar. It must be suf-
ificiently rigid siich-that the box. section does not twist to. throw

off the alignment of the drawbar and nodes. Its mass and alignmenr

{ T :when aliding is supported by bearing surfaces.

.:'Alignment of the drawbar with the- node is- critical.
When -the drawbar is fully.
" extended, it should activate arlimit.switch and be situated on top -

- ship of one node to the next. is known.
‘.i of the node. Sensors 1in the motor wi_l verify the locatlon of the;
Both the drive pin and node'opening should be beveled to .
A sensor will indicate waen the pin is locked
'»'Lrand the platform is about to move. The entire push/pull procedure

' fshould be automatic.. The only possible human interaction will be

to determine the direction of movement or as an override in caae of -

. mated by having knowledge of the desired path ‘The same is true
" for any malfunction where a se’f—diagnosis and reset/repair will

,allow the vehicle to automatically continue.

- 6.6.1. 3 Logistics Platform - The third level 1is the logistics plane.~

Itwill contain a storage platform with an RMS crane and possibly posi~ -

) tioning arms. The platform will initially be a flat deck, 9-feet bv

Centered on one edge will be the crane. Having thﬂ crane oa’
{ an edge opens up the entirevcenter for storage, - S

Tt A - - »'_‘ . . - ) - .7 . ) - -
. . EEINEN .. 2o - - LT

" a) Cargo - Some of the packages transported ot the MRMS during the :f' o

-space station I0C buildup are listed in Table 6.6.1. 3-1

" 6-76
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‘ Table 6.6.1.3-1 Space Station ZIcHE SRR A
FLIGHT . MAJOR SPACE STATION ELEMENTS o ]
? 2 1 *REMOVAL OF NRMS BY SKUTTLE RMS ~ . . -
b o It SLOKER XEEL, PORT KEEL EXTEMSION, LOWER® -
! T . BOOM, CLOSEOUT, AMD BERTHING STRUCTURES ~. .. .. .0
- LD T .7 <MAIN RADIATOR BOOHS . L Lo
o B | CSMAIN RADIATOR PANELS - - . . .
; ’ ST T aRes C ' oo
I - WML (KADITATICN MOOULE 1)
- : <AL (AIRLOCK 1)
i . -AL2 (AIRLOCK 2}
: S v -HM2 (HRBITATION MODULE 2)
R ; -UPPER KEEL AND UPPER BOOM smucruai
- o T e i TENNAS
A BN _=1061 (LOSISTIC MODULE 1) :
o . o " =PORT AND STAREOARD SOLAR ARRAY WIHG PAIR.
b R . «PORT AXD STAREGARD QUTBOARD TRANSYERSE stm STRUCTURE
- . VI -LAS2 (LABORATORY MODULE 2) L
] o "7 -EQUIPKEKT SPARES : -
B T _~EXTERNAL EXPERINENTS _ . . . i
N 1 3 eLe8]l {LABGRATRRY WODLE L) © . ¢ . L T
S ©TT L -EQUIPHINT SPARES T R
T : : - ~EXTERKAL DXPERIMENTS
@ - 1 ' ‘.; "The radiators, booms and a'taya are long {nstruzents that are
' - " deployable. Of all the packages, the modules and the. experinenta
1 , s
P r © .- are the largest and the most awkward.- The 1ogiot1cs nodule 15
oo ' approximately 14 feet in diameter and 42 feet long. Examples of. -
P o external ekperiggn:a are shown in Table 6.6.1.3-2, :
R , '
. The OTU servicing technology miﬂsion 1is the. largest packnge, haviug i
o fdicensionq 65 feet by 30 feet by 30 feet and wcighing up to 1760
7? ‘pounds, It would have to be deployed and assembled-in space_duc_to
. the limitations of the cargo bay dimenzions. Depending on the size -
?' of the various suﬁassemblies,,the subassenblles night be larger )
- than the logistics surface., An option is to pull an extra MRMS
- vwithout its crane or positioning arms. This would effectively
; i 7 o :
oo double the storage area. )
i ) . . o .
E % - - - o R . _‘
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Table 6.6.1.3-2 Example of External Experiments ’ )

EXAMPLE OF EXTERMAL EXPEPIMENTS
MISSION KA¥E  |TXTERNAL DIMENSIONS] WT.
EARTH (85ER- 102 10Mx2M 1006

VATICY [hSTRU-
MENT TECHNOLOGY

SIRTF ~ | "8.5Mx8xt4 , ~ |400KG o . oo T
o;\cf SERVICING | = 2eMxl0MxlOM - {800KG ’ . __— .

- b) Structure = The HRHS nust catry heavy loads yet be light and flat

o

. as poasible for stotag~ ia the Shuttle bay.- The atructure nust be
- ) atiff enougth to react the momenta produced by the crane. -

-

A varlety of materiala are candidates“fdr the atotagc platform and. w0

»surface. A-stiff material ia characterized by a high modulus of
'elascicity and a high area monent of inertia. The density shopld

be reasonably low to avoid cxceasiye yeight.A~

.Storage Rack. The storage rack nust be as adaptable and generic as .
_ possible. ThUu, a flat top perforated with- attachment holes and a.

honeycomb type structure are ideal candidates. There are a number

¢ - of ways to gttach the cargo to one surface, ~Some examples are

PN

_shown in Flgure 6.6.1.3-1, assuging'Box-typé,cargovelemgnta.

However,flong,,;hin_beams and airloékﬂ reduirc ardifférent tyﬁe bfrj

"attachmenf; The'platfo o should bc basic, with unique ‘items

requiring specialty 1nterfaces.
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. Figurce 6.5.].3-]’ Cargo Attachment Teehuigues. ;
The layout of the various modules 1s fmportant with the loads ) !
evenly balanced on the platfornm. "Excegsive overloada could bind &2 - i
“track or make alignment of the drive pin impouaible. The. removal ‘

of an iten should not shift the c6 esceaaively.— The layout 18 also: -

dependcnt on thc reach envelope of the crane and the positioning
- arms.: Intcrlocks or. cethers would insure that the packages temain Q*"
B jfirmly secured ) :
d) Drive Syéfem ~ Built into the logistics plane 1s a roll drive. The. - -

platform can be rotated to some position that will pive the cranc'

TR OIS S0 i i A Nk (e NSNS . B it

or positioning arm its maximum reach. The added degree of freedou '>

Yy

"
18

is like adding an extra joint to the arms.

:

P
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Both the 1ogistica platforu and the d"ive system rotate relative to - ;

T thp track layer. By attaching the push/pull mechanisu to the plat-

forn the number of roll drives can be consolidated. There is no . .- . -~

- problen having the crane/arns rotate when the drive mechanica moves

to change direction and vice versa. There should be a éanual re- o

B 'lease in which the drive layer can ba decoupled fron the’ plutform.

- The roll drive fixéa the platform to the t'ack layer. wtth the -

drawbar extended and free to totnte, the crane can turn, the drive'

layer to any posit on. An 1n:ernal sengor, 1ike an absolute

resolver should be used to monitor the positicn of the drawbar and
return 1: to a- ptedefined home ponition.

6.6.1.4 HRMS'Manipulacora -

a) RMS ~ The shuttle is- equipped to carry tuo RMS arms. - One érﬁ will =

. _ be detached, tranaferred to the MRMS atorege platform, and reat- - g\aix o
-~ tached * The length of the am ‘from shoulder to wrist is a little . T

’Vlover 50“feet long. The RMS is ghown in Figure 6.6.1,4-1.:*--

.1
T3
i
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| WCIU . MANIPULATOR CONTROLLEA INTERSACE UNIT '
GFC - GINERAL PURPOSE COMPUTLA
BRC  « RQTATIONAL MAND CONTAOILIR
L THC + IRANSLATIOHAL WANO CONTAOLLER

o
WI'SY %OU.

T SHOULDEA YAW

anure 6. 6 1.4- I Space Sbuttle RMS

_The 6~DOF RPS ia capable of handling any cargo tranaported in the
. shuttle bay. Thermaximum dynanic envelope of cargo is 15,feet in”

;diametef-add 60 feet in length, The RMS ic designed to routinely

handle 32,000—pouﬁds'and 65,000 pounds in cont@ngéncy.

November 1984-‘i

All the RMS dr;ved are gearéq-e;ectficéi‘bc notors. - Two hand con-

trollers are used; a rotational hand controller (RHC) and a trans—

. _létioualrhéﬁ&fcoutpollet,(fhc).'1Each‘jo;nt 1o backdriveable with -
i brakes activated to hold a pqsition. The RMS i3 a ;entcd, proven .

and available hardware fot-immediafé'u%e; but-this does not re-
'L atrict the. MRHS'inLo’only using an RHS. It could alao’ uge an
'exiating arm, with or without nodif‘cations, to fit a particular

v

need. O . el e . S -
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”I"l:gz;rc 6.6.1.4-2 RMS Reach Envelope = - CT

- the work can. be planued to be done two bays atay from the vehiclc.

MCR 8441878
Novenber . 1984

REACH ENVELOPE OF -
STANDARD RMS .

SPACE STATION TRUSS STRUCTURE

1 T -

Figure 6.6.1.4-2 shows the reach envelcpc of a stéhdarc RMS;AAThe RMS -
18 capable of servicing six cubes of thé trugs structure without mov-
ing. . There is a cone shAped void close to the vehicl° that cannot be

feachcd. The positioning arms (paragraph ¢ below) can fill this gap or

a

,A modification of the ghoulder joint can 1mprove its ovetall reach en-‘

:velope especially close to the structurc.' This modlfication ‘would

require off-setting of the shoulder pitch drive beyond the edge of the
logistics platform.‘ As a result,- the arm would be allowed to hang - .

straight down and make dccess to the bottom of -the truss feasible.- -

This offset is illustrated in Figure 6.6.1.4-3 o s
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» ROLLDRW;~ - ST T

: Fxgure 6.6.1.4- 3 RMS Offset Reach Envc[apc 7 S - N B ‘

: “b) End Effecéora - 'I;he’ present configuration of the RMS uses a snare :

! ’ type device, for the end-effecto There are a varlety of different

: end—effectors that can be 1nterchanged with the snare device. S

Figure 6.6.1.4-4 depicts two other end cffectors that mate with =

13 . B B

' particular grapple targets. ) i
~ Snare :

F:gure 66 1.4-4 RMS Grapple End Fffectors
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The end effector for the crane will be a general purpose open/close

" device. Its nain objective will be’ to pick up, hold, and position ’

A the various cargo packagee.

;Seneora are needed at both*theﬁend-effectors and at-the aystems ":
i level. " Cameras are- needed for looking at the gripper. Proximity
sensors along the length of the crane will help in obstacle avoid— '

ance. Each joint ‘of the crsne needs velocity and position data.

‘Positioning Arms - -The robotic positioning arms are attached to two

adjacent sides of the crane on the . logistics platform. The arms

are located parallel to each other such that. they will straddle the‘

I0C cube structure. The positioning arms place work stations in .

;'7strategic locstions to obtain maximum accessabilty to job sites. -

The(tuo positioning arms are- assuzed 1déhiiéa1; If one arm was -

considerably longer than the other, their tanges would overlap and .

Depending on. arm length and joint linmits, voids are created where

. the arn cannot - reach, As a result identical tasks on both sides of . '
- .the vehicle might. intersect one void and miss another. Havingrtwo ;f ’

“identical arns also reduces the anount of spare parts needed.\ Psst:_f o

o studies have also shown the need for both ‘the upper and lower. arm -

taegmen to be idnntical in length. Joint-to—joint dimzensions for T
“an arn’ segment should be a minimum of 10 feet long to be able to .- R

reach the underside of the Bpace station box trusses. The joint

“orders of the positioning arm and crane are shown in Figure

6.6.1. 4 -5,
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: . Roll Ro11
f Yaw Wrist R o Yaw o
| Pitch . Pitch.
' N ’ - -
7 g : :Pit;h _’ : - E]POW_ ) _ Pitch
: L ©- - Pitch ‘ , . 90; ~
Lo : . ; : Sh “ ‘
o ~Yaw O _ oulder “/\ Rl .
* L - . - - - O e B >
‘;_‘j; P . - : S Trans]atwn
;_ Crane ; Positiom‘ng Arm .
% Fxgure66 I 4 5 Joint Orders e
§ : . L The joint configuration of the poeitioning arm is similar to the
g ) /,‘_,", o 7 crane except for the shoulder. 'I‘he poaitiouing arm has an addi— -
E ,(';;f S e ‘—tional translation feature that allows the arm to move across the :
f edge of the 1og19tics platform. Between the translation drive and -
_E _the pitch drive is a shoulder roll. The advantage in having a roll
i ’drive is_that 1t can turn the shoulder pitch into a shoulder yaw by
: : .. rolling the arm 90°. A reach envelopﬂ'of the armg 18 shmm in
= . Figure 6.6.1.4-6. . C
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HWORKING ENVELOPE -

" SIDE vIEw

AREAS OF DUAL
ARM WORK

TRUSS -
STRUCTURE

FRONT VIEW . . T . ey
SRR o - . R e

Figure 6.6.1 46 !:’ositioning Arns Reach Env.clope

One advantage of hating the two arms is the ability to perfornm

coordinated doalvarm work. The robotic joints will be similﬁr to 

the RMS but scaied down'to match the load tequireménta. The eleo-
tric DC motors will be backdriveable and monitored for velocity and

position. ' When power to the drives is removed the brakes will
};: hold its pooition._ B

" One criteria for the positioning arm length 1s its ability to be
stowed in the shuttle cargo bay.  There 1is a variety of storage
options as shown in Figure 6.6.1. 4—7
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- L Group I is the most compact pc.ckaging for the arms. The ams"do ;
i r'>'3;:,not add to the width of the package as compared to the third
- group. - Unfortunately, the arn lengths 1n Group I will be shorter:‘r» )
: . than the ‘other- groups, - The shorter lengths could suit particular T
: P needs. Group I could have ams double the leugth of Group I but’
i » "uses space required for adjacent pacl\ages.’ See Figure 6.6.1. 4-
2 _-for the. locat:ion of the MRMS in the firac 1aunch package. g ’
x 111 -SHUTTLE BAY DIAMETER
_n GROUP. | - .~ COMMENT
meR. 1. | SHORTER ARit SEGHENTS
: "POSITIONING — Il .} POSSIBLE INTERFERENCE *
; AR S WITH-ADJACENT PACKAGES
i “I1 | IKCREASE THICKNESS
1
" Figure 6.6.1.4-7 iPé}iéio::i::g Arms Shuttle Bay Stowage -
% i
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Lirspecifications of the RMS. - Its main objective is to get into the - - _E =)

‘d).

Radlator panels

-MCR 84-1878

ACS/COM sectlon

Deploysble structure

AN " November ;984’

(stowed) - - -
Antennas (sfowed) Roatary Joint-TYP
- Radlator heat - - y e
MIAS exchanger-TYP Power *ystem sectlion

e ey ooy e N\ e f e

TYP (37.5 kW) -

M
el 2
e

A

f_\ STA

“sTA 7 12014 .-
701.67 f 436 \ .
. - L.STA T STA - bolar arrays (37.5 kW
Pavmd bav 829.07 D?'nlovmen! 1061.13 TYP (partial system) ! -
raits - B -

dynzmic envelope

Figure 6.6.1.+-8 MRMS Launch Stowage Locaz{b;}'

,The precision of the pasitioning armm does not have to ref’ect the

working range of the end effector work station.» The work station
will be designed for an EVA astronaut,

EVA - The astronaut accomplishes intricate, dexterous work that

- caunot be‘ performed by the crane. The astronaut is neerly tall

enough to erect: 8 TI0C cube section by hand. His positioning arm ~ "

Cowill maneuver the astronaut to the work area. Complete control of

Vthe arm is at his finger tips. The- control panel is situzted - o

directly in front of him, but far enough away to ninimize inter- -
'ference. E

The-astronaut’s feet are restrained' in a strap arrangement shown 1in. y
Figure 6 2 3-5, which shows the mobile foot restraint (MFR) at the

end of one of the positioning arms.
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" This enables nin to have complete freedom of hand/areAmovement.
Such work includes mating electrical fittings, erectieg structd%eg.
Table 6.6.1.4-1 lists

some design requirements for the EVA foot restraint. ’

L aad aligoing optical transmission hardware.

""With the use of an’ MHU he is capable of leaving the work atation

: »and returning.

He is outfitted with his life support system and- selected work

tools. With the tvo positioning arms, there will be tizes when a

job can utilize both astronauts’ simultaneously..

As the tauks and nissions change, so must the train'ng. The degree

“of difficulty and risk could also increase, Taking everything into

considetation, there will be a time when the use of an astronaut

trolled system. - -

Table 6.6.1.4-1 EVA Restraint General Spcciﬁcat'ions '

' may_become prohibitive and he must be.replaced by a remotely con- .

Design parameter 7. Design requiremenisiremarks

. with NHB 8060.1. ~ - 3.

may be used when warranted by design constraints. Materials must be approvcd in a~cordance

Mobility EVA foot restraints shall maintain foot position 10 allow the crewman a com plete range of mouon
’ I- troll, pitch. yaw) within lhe constrainis of the space suil.

‘Restzaimspaaang - v e .Center 1o center distance = 25.4 to 43.2 cm (10010 17.0 m.). -
; . Center dimension shall be determined fron; analysis of the tasks 1o be performed.

Load capacity * © . * . Ul(imale desizn load = 623 N (l-‘-O lb)‘minimum in tension and shear.
o R . Torsxon - 203 N -m (100 molb) mlmmum

Hazards Foot rcstramls located wu'nn 30.5¢cm (12 in.) ofcqulpmcnl where failure would cause m;ury o th

_ 7 crewman will be identified in accordance with SC-M-(XQ3, Potential areas of damage fo mgm
© . equipment by the crewman will also bc identified.
Material Metals shall be lhc primary malcnal for foot restraint fabricanion. Other rigid or semirigid materials

Seference 1. NASA General Specifieation SC-E-0006
. 2.1CD « HSD-3.004¢.020
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6. 6 1.5 TeleprcaencL Work Systen (THS ) - A suitable replaccmen: fo:
che EVA astronaut is a Telcpresencc Work Systen (rws) aituated at the .
end of one of the arma. The TWS concept consists of a work atation

base supporting two dextrerous manipulatora end-effectot grippera and

‘tooling, a sterco camera system, parts storage areas, and an onboard
‘processor system. A THS concept is illustrated in Figure 6.6.1.5-1.-
T R R thu

Sterso
Cames 83 cormmagte. (3

=) ,7$or;m' )

=N

~— 1 - Statulizer (O 1 :
rﬁ@w661$17ﬁ$Cmmml
..The WS design can be broken dowu into four major work areas: the -

'baae, the nanipula*oru, the vision aensors and ‘the processo's.'
.- The TWS base is the mountiny structure for the manipulato:s, .
‘ canexas, atabilizer tools and electronics. A 3-DOF stabilizer is -
{;-.needed to support the TWS from any forces and tofquea generated
' duridgiwork activitics., The manipulators-ﬁill be two lightweight,
sfiff,-?-DOF arns. The system will embody anthropomorphic (suited -
—aatfonaut) features. Itc sehsor’oﬁtions wili,include gtereo viagion. -
and force reflection capabilities., A dedicafed computer and micro- -
processors will acconzodate a high-order language. Bilateral posi-~

tioning G;llrbe uged ;o‘cpntrélAthe system,

6-90
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The TWS kinematic reach and dynanic utrcugths will be equal to or',f
. greater than an ‘EVA astronaut, Light and strong state-of-the-art’
. materiale will be used on the base and on the :anipulators. " The

( dexterity of thc arms will be presetved with a three-roll-wrist.»

Accommodatora night be utilized in somc assembli"faahs. Some

" welght is’ saved with the elimination of extenuive thermal protec—"

" tion and life—support hardwate but regained with additional
hardwarc.

" 6.6.1.6" Other Design Consideratlons - -

n) Structure and Nodea - The nodes are an integral attachrent part of

I6.6.l,6-2 for diﬁfetent examples of atructural attaéhpéuts. The - -

Joint would be cbmpactly codfirured until depioynent< when the =~ .,
" .varfous trusses aould rotate outward and ‘lock in the final T N -£~~

:configuration.,: L 7 _

' the MRMS and the utructure. For the Space Station 10C,’ each joint o

uill have a minimum of two nodes as shown in Figure 6. 6 l 6-1. On

an ‘end section, there would be three nodéa. ™ " U S o

T P Sw1ve1 Dep]oyab]e 'ode§;T>"
>Figu‘rc 6.6;1.6-1 Node Conf gum:wns o

The figure above also depicta those. same nodes folding inward as
“well as different trugses folding fovard.” Thiu iz necessary for .

deployable trusses where the boxes tuck in flush ugainat each ¥

.other. To fold the nodes, the joiant would have to be rotataﬁle,

:perhaps in a'ceﬁtfoidalrjoint or a ball-socket;swivel. See Figdre

A; o . e 6'92 I 1\1‘\4:..‘ L‘\(I 1"
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- Expanding | Tubular Triasgular | Centrofdal | Overlapoing
: Cylinder | Cone Insert Section Lap] Joint
‘ 1 .A | ‘
: ’ '5_1’ N .
- - . e Lo
i - LG 3 s Y .
' el St R gl LAy ot
Gadl-Sechat Toagea-in~ Casteotdal Casttoldel "
Swivel . Cl?cv‘ . B

o :aJa.r‘
7i3 N T ﬁﬁfﬁ . fgsﬁ; 4%6& Gggféz )

'VFxgure 6. 6 1.6-2 Structural Attachment Techniques -

vaerlappiug joints or adjacent box trusses without common sides are

- Double Wide Tubing=

' _inaccessible’ by the MRMS. See Figure 6:6.1.6-3. The epacing ‘of-

the nodes are symnetrically and critically 1ocated

}; ;gtlfe:6 61 6-3 !nacccssiblé Node Cbnﬁgyran’on 7
igure 6.6.1. 7 ode 0 tio

Unwanted flexures of the structure could possibly throw the node
spacings off and make them difficult to locate with the draubar.

Initial concepts of the.structure utilizedrpwo-inch round or square

: tubing. The box sections arc stiffened with diagonal cross mem-

. bera, Electrical wires and coancctions are integrated into the

_ tubings for ease of assembly.
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A»majq: cfiteria'for the structure is its packaging fof delivery
Figure 6.6.1.6-4 illuétrgtea methods of stacking aﬁd;
- folding different truss assenblies.

“into orbit.

‘gcenarios have most of the station deployable with some sections

/*@fg A

‘ etectable.

%

. FOLDING sétésoas- -

« KESTED TUDE

" o COLLAPSIBLE TRUSS -

o DEPLOYABLE BOX TRUSS - 7

: . TELES)COP-ING SEGMENTS

o
P SN

Sam T

S

3 Figure 6.6.1.6-4 Truss Assembly Packaging Configurations .

_znd locked.

cargo- packages and gséembliea.
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The Space Station reference™

‘A
'-modular approach to attaching packages to the box truss is to at-" "
'tach the track level to the box.

They can be placed on the nodes

With the MRMS moving up one side of the structure, it

Figure 6.6.1.6-5 shows the MRMS in

- relatlonship to the experiments or other cargo elementa, .

e

Cargo‘Sttucture Attachment - Moat of the packages. and ex periments j L
. on the Space Station have to be hard” mounted to the structue.

. leaves the two adjacent gides free to mount ezperiementé or other. -~
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N
_
X

[

PRI

Thisvmethod of attachment 1s suitable for‘reﬁiaceable or_ temporary-

packages that have to be removed petiodically. If a package is .

larger than one cube, the track layer will be rectangular, 9 feet -

wide X 18 feet long, and taking three nodal rows. One disadvantage'

for this method of attachnent: is the inability to mount two square -
The ‘tuo packages would have to be

~ MRMS Plane Chénges - Bésidesrmoving in two orthogoﬁal directiodé,

another major concept involves a plane change. Figu e 6.6,1.6-6

illustrates two concepts. - Concept I features a special cube with a

hinged face.- When the MRMS is affixed to this Iace it is hinged
90°. Once its direction has changed the vehicle inches forward -

onto the next plane. .

6-95 ..

. tracks adjacent to each other, .
- combined and attached to a rectangular track. T Lo
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Concept II uses another hinged-type face that rotates about tto

axis, The face extends out in a transverse direction to the atruc- -
iituré., The MRMS movea onto the face and . affixes itself, The face
77-:'-18 rotated 180° and pivoted perpendicular to its original direc~.

»;"~Iiﬂ ) . Eiition.< The vehicle ‘then crawls forward onto the adjacent plane._vjf

- : - v 4:? . — e qs?*,
‘ N = e 00 B

I L e AN B
;'l»;,;,-”_ o LCONCEPTI s o e i w - (‘m> . N oo

. VI[W X =X

Cwoco . o T b - CONCEPT I

.-V-I("ﬁ X-x
. Frgure 6. 6 1.6-6 MIM‘S Plane Cbanges

- ‘iA third concept does not use a cpecial plane change structure.i,A ;
’7 ;i: f.face would be built on the solar panel gimbal. When the MRMS at---
... taches onto the face, the- gimbal would turn 90° and the vehicle
- would then be at the next plane. . Unfortunately, the solar gimbals
% ' 7 ,;,f.are not 1ocated at convenient spots.

A

AN
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; "féd) "MRMS- Translation - The MRMS inches forward a square at a time to ;'
f ' - translate in-a longitudinal direction. For a»transvefae transla-’ é
i " tiom, the drawbar and the switches are rotated 90°. By repeating :
;1 . thia“p:oceas;Afhe MRMS can weave béck'aud forth to build a double .- :
: " wide structure:or even an eatire platform (See Figure 6.6.1.6~7). . - :
- - . R — ‘ i_
P ;
L L 0 LONGITUDINAL. = b
‘- ' TRANSLATION - -
< . B - - " ‘ - g H
5 - 4‘: G\:’ N - 7 Rl . ;
S - m @ el oo ?j
‘( DT 7 TRANSVERSE 1 b ‘ S R ’ o
: ; : - . i
TRENSLATION ~ . o - o W +
] 4 $ < o
!
- 1 M - '!
; . l‘;;‘\: C;’i-z - i
|; P, few i -
I

- Figure 6.6.1.6-7 MRMS Translation .

: 6;6;2.:C6mmonality;, %

; ;,"',~;,: a3 R ) S s ] S ) 7%

P —??;A nunber bfraééémﬁly:éﬁd construction support éﬁuipment candidates were - %

g ';identifiedrduriﬁg the concept investigation phase of the four referenﬁe‘. §

? . ﬁissioda.,,ﬂény of'tﬁe’potentiai candidates we;é obviously significant .. - }

E _to the>8tudy énd_yill»requirc nuéh:further detailed analysis. Others - (

! with less éignifiééncé_in terns of functional capabilzty, technology

é :dri?ere, and design features have minimal impact on the final results.
G |

f » ) |
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Therefore, it was neceasary to reduce. the number down to a few of the

_ most repreeenrarion candidate systema as quickly es possible, - In per-
- "forming the acreening assesgment the- following basic objectives vere
'i‘uaed°

N

) fl)'-Use .as a point of departure the Space'Station Reference Document;
_2).:Identi£y future supporting research and technology iteme-‘

H'3)';Technical feasibility with a logical: evolutionary path;

©4) High usage probability with projected longevity; and o )

'5'5) ?Where support equipment implemenration could result in incompati~ A

- biliries with the physical Space Station or program milestones. o

»»The'resulting first cut at a common generic 11&:'15 sumnarized in Table B
6. 6. Z;l This liat is a combination of items 1dentified in the four -

- reference missions with duplications combined under generie terms and

":less eignificant items left out. Also. shown on--the’ right hand side of

the table is a first cut at the perceived level of automation that can o

- be applied to this candidate list based on a nominal- evolutionary
-‘progression. :

698 -
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Table66.21 . . S

Sutnmary of Support Equxpment Candxdates and Level of Percewed Automation
T R -.&=- =7 .- Candidate for’
Primary Support Fquipmenc Candidates ' Autozation Growth
’31. Shuttle Remote Manipulator (RHS) T e Med =
. ‘2, Moblle Remote  Platform- T High -
""3. Mobile Remote Manipulator System (MRHS) " Med.
" 4. MRMS with 2-20 ft Arms (RMS Derivative) . - High
-+ 5.-Telepresence Work Effector (EVA Analog) . . ..~ High
- 6. Mobile Foot Restraiant (MFR - Shuttle) : " Low
7. Closed - Cherry Picker : - . T Med
“. 8+ Universal Docking (Berthing) Unit . ", -Low -
" 9, Fasteners (Inherent in Design) - o High'
10, Fasteder Tools, (clamp, weld, rivet, etc) " . High
‘11, Universal Tool Storage Unit - <777 Med -
", 12, Portable and Mobile Lighting/Camera- Unit " High
:13. Portable Control Boxz/pendant - . Med
' 14. Special Function Manipulators (5-DOF or Less) High _ -
~15. Carousel Mechanism (Satellite Assem Fix) - -~ High
16. Structure Deployment Aid ) Med
S 17, Alignment and Surface Accuracy Tools- (Gross) - High
. 18, Alignment and Surface Accuracy Tools/Sys (Fine) - High -
- 19. Checkout Tools, (Mechanical, Electrical and Data) High
- 20, Portable Deployable Sun Shade . Hed
-21. Speclal Purpose End Effectors (Manlpulator Exchange) High

>'i51n addition to common support equipment types there is also commonality,
}5‘fof subsystems and components between diffcrent equipments. able\‘_, ;
;;6.632-2 presents_a brief exaople of this concept and should be con~- .. . =

‘sidered as a groundrule for future Space Station studies.
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Table 6.6.2-2 Example of Common Use Subsystems and Components

MCR 84-1878
November 1984

MRMS - Componeuts/Subsystens

Manipulator- (Crane Type)
Rotary Drive

Manned Foot Restraint. -
EVA Operations

. ook MRMSk- Advanced Component
: 1 (ALl Multiple Use)

20 ft Manipulators (6 DOF)
Special Purpose Manipulators -
L , (5 DOF or less)
Lo Dual Arm EVA Analogue

o - Module Attachment Device
! o S S/C Assembly/Dia Adj. Mechanism

- Legacy -

© Shuttle RMS : T
- MMS - Flight Suppott System
~Shuttle MFR

Shuttle MMU -

ALegacz
" - Derivative of RMS

Derivative of RMS -

- Uee also for>Smart Servicer on OMV -’
*  and OTV

MRMS ~ Base Plate ’,
MRMS ~ Dase Plate.with Rotary Drive

© 6-100
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6.7

oIt is’the ijectivc of this section to pursue areas of automation and

" advanced tobotics or uutomation technologies, not in use in prior or

6.7.1-

:devglépment,for.a>manned space station.
- effort is the identifi'ation with supporting rationale, of pronmising

- be required to enable operational produccivity in the initial as well
r.bf the phfsical_starion,~growth of the station operational compléxity,

., tensive operation enviroument, and to a more. failure/maintenance con-

PRSI e e e L

" . . MCR 84-1878 »
Novémber 1984' .

"y

A

i

AUTOMATION ASSESSMENT

v

roBotic as- they pertain to autonomous systems and assembly activities-
nn spare‘station. This will assure that such advanced technologies/'
rélevanr tqrthié area be made an _integral part of the planning and’ 7
Outnut expected.from this

existing spacecraft. T : - L3R

Evaluation of Automation Concept

An évolution of automatiun on Bofh‘the systen énd subsystem levels wili

as growth versions of the station. - The’ increasing level of automation

;over a period of 10-20 years will be driven ‘by severai,factors. growth:

increésingrinfornatipn Qorkload, enhancements in computer capabilities,”

transition;fronin:facility housekeeping priority mode to a payload in~—~

scious méde as the station ages. As indicated above, productivit& is

the name of the game, which results in trying to automate as many as-

possible subsystems and payloads., T ”.: A

T G i e i 8 e R o s
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Producrivity as»it anplieslhere couldrtakeAthe form_of reduuéd riék df.: B
human error, reduced crew time spent on laborious or monotonous tasks;
chus freeiné then for tasks réquiring their unique capnbilitieé, und
operating with reduced ground support crew and operating closer to

" optimum system performance efficiencies.
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/:Aetiyitiee.that nake up these tasks-in the area of agsembly and»con-r
ﬂ(ettyetioniinclude'items such ae:materlel‘handling} joint'fastening;:‘
l’beam adjustment;'etc. The need for apece automation in manned spaEe )
vehicles is really the need for solutiona that use automation in whac- L
ever feehion or combination necesoary t0'complete a job.‘ The~ space
{_ operations philosophy to date has had humans with hands—on capability ‘
performing a lerge number of the automatible jobs. Past implementation> ‘
of automatic features consisted initially as a bottoms-up approach in
which eingle components of automation were developed followed by
linked conponentszof automation were developed, and eventua}iyﬂggmbined7}~
into integrated systems., Some of the pagt examples have used :4
standalone, application dependant solutions and would build upon these t:v
in progtessing towards integrated solutions.__ﬁ,-,, - - S L

The emphasis of this. study is automation, however, the 10C space -
station will use the unique capabilities of man in the form of hands—oni~'
’ and remote control. Understanding and appreeiation of these )
man/mach*ne interfaces are necessary to define the automation features _'i ) ff;
end the degree of change with time{, A simple nmodel used to indicatea’ -
“Vteferenee baseline is {1lustrated in Figure 6.7.1-1, . R '—',‘.f,'lf;,g«

" Workstation S E
. _Worksite "

ST S S R ) P . ) L.
L ) o _ z L R {- " -
—e - b R N '“! Controls,l_ |-
Man/  Lad Comouter - . S T C R T -
.~ {Machine Resources) | - R T S D RO
- flnterfacej - - - - b . c : . | S B
|- | Communication | © Llocal | - - )
' ] Link "1 Computer HechE‘—,"‘" SS"““' -
R \ - Resnurces . | ystem
l o -4 ‘ , 7 o ]
1. - L o Sensors )
L e I
Ei, ersrers Tro . . !
Figure 6.7.1-1 Human Interactive Automation Model :
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The area'on this figure oo‘the far right is the spacecraft worksite énd

the mechanical hardware. represents the space station structural compo— o

MCR 84-1878
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nents and the mobile remote manipulator system (MRMS) that was just
The key to.nmaking this*hardware operate .

: discussed in Section 6.6.

comes'qnder the direction of the man/machine_and computer combination.

A p?oposed evolutionary flow in this afea;is shown 1n7Figure 6.7.1-2.

© Autonomy

. e et e
v

Hands-On Remote Control
* Perturmance Growvith
?;:::on:aul EVA) Telepresence  f— — === Greater Operator Sensitvity
Aulonomy

{Man Oul of mc

Teleoperation

and Transter-

Decrease in - -
Huwman Onerators

BTN

hands-on capabilitj to an autonomous. condition.

— — = Greater Operator Utility

Technotogy Overlap

Supervisory

Hard
Automation-e—j

Xnt_eraction -

. Figure 6. 7.1-2 Remote Opcr}z‘tian,s Overview

e

Teleautomatuon

Man Out-of the toop
—_— ~

Intethigent N
I\ulomahon x

this flow can be considered a subset of remote control

- Fewer Operators end
* Greater Transparancy

Loop}

" Shown on thiouschedaticyis a logicalvt}ansitioniphase goingrfroo an EVA -
1d1 Terms used.to display

Definitions

' for these terns or concepts as they apply to the study are presented in

Section 1.5 of this report.

Distinction between these evolving con-

cepts are vague in many respects but do have some specific differences

that provide unique capabilities,
most human intensive coptfol mode in this group but also provides fine

6-103 -

For ckample; telepresence is the

B e T

P PO U

s 3 e e b b & e a5 £ 4

R

s s e Y and S Rl &
. o

. P



ek e g e e g A = e

MCR 84-1878
November 1984

- dexterity at the worksite with minimal operetor training. Thlekcépé-

.y

'intelligent automation. ~ This initial capability, while primitive, pro=- .

bility is extremely useful where the remote human operator has an in--

depth knowledge base relevant to the worksite, but little or no enpe—:.

B rience in teleoperation.‘,TeleOperation in general provides for the -

‘reverse offtelepresence 1n'tnat the operator ig skilled at receiving

L dieplayed data at the remote worPstation and providing commands in
o response to such eignalo. Technology in the form of sensory perception

' has a considerable overlap or technology transfer from one concept to

the other: Sensors must be selected where the data feedback signals
'are compatible with direct display through the CRT tcreen or to the

',E computer and adaptive control software.

4.7In tne superyisory concept the human operator 18 elevated to a higher

"level of command in which the procedural programming language leads to

. an objects-level and eventually to a goal or task-level programming )

o language.: This is the stage in the evolutionary flov at which integra— .-
-tion of intelligent automation has a major starting place. The mix

. between "hard” and "intelligent"” automation is a function of the tasks

-being performed. As the number of dynamic variables increase, along R

;with the need -for both an inherent modifiable knowledge base system and- -

a dyuemically'changing rule base, the basic concept is driven towards -

' vides : a test bed for eventual technology transfer to teleautomation and,

_;on-orbit autonomy.

uyThls brings uevdovn(to the concept of teleautomation in which a machine
:?located at a remote‘controlaptation interacte with theréontrolpsystem
- to eitner npdate the knowledge base or modify eoftware'ln order-to
“.carry out a predenigned function or series of actions initiated by an -

‘external stinulus (e.g. offline programming).

6-104
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EHany technologies with high degrees of sophisticated automation are re- .

quired to nchieve this level of remote control. The degree of nutoma-

_ ‘tion provided through this concept can range between "hard“ to “intel— o
- }'ligent automation. Capabilitics within this range are derived at the

o “hard". end by well defined variables ope—ated on in a conventional,

’;eequentinl computational mode. - At the other end is "intelligent auto-:_

‘matfon which uses vague and dynamic variables that are operated on in a o

,Vparallel or non-qonnected node uecing rules and heuristics., The 1deal

.Bysten architecture for this concept is one»thnt'uaes an optimum nix of
 “hard” and""intelligent” features in a proper balance. The balance

“'should be dynamic with a sensitivity based on task type and complexity

and sophistication of sensory perception data feedback. -

{It 1§‘ob§1bds that the degree of operator interaction denired}.tne )
‘operator hkill'lcveinirequired and the resulting technologles applied
:are all very inte*twined with ‘the amount of overlapping highly. depen=- -
:dcnt on overall task ‘coaplexity.. Various task functional flows and
'V:decompositions have bezen performed and discussed in Section 6 of this
- report. Using only this tasgk data, it is very difficult to apply auto— »

nation features to them, since the data 1s limited in areas of perfor- .-

maneeVtradeoffsrandrreeulting cconomic.bencfitu. To provide a wmore -

’:knokiedgeabie comparigon, Table 6.7.1-1 is presented to show trends in

“required ope‘atér'capabilities as a'funetion of generic job catego-—

H:ries. As shown on thia table, termiuology useu to identify rcmote )
';operator clauses haa ‘been selected .based on the generic similarity to .
-:both space and ground operatioua.' For oxemple, the capabilities ]
.(skill, krowledge, experience etc) required for ground nanutactu“ing

"typea could be similar to those identified for fabrication of beans or

»lmaterial processing in space. Manipulator system functions and autoza-

- tien technologies at residential or comzercial construction sites seen’

to be aimilnr to assenbly and construction functiona required of large

space systems, Also, operators of cranes or even airplanes could have

task activities similar to OMV or OTV remote operators where vLills and

’cognitive attributes are significant deaign drivers.
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There are two important points made here; (1) a'human operafor ié'gar—
Towly focused in a limited set:of information and skills related to a
job and as auch noftware architccture used to replace a few or many of

' these capabilities will also have a very narrow focus,. and (2) the

degree of aupetvfaor; or automation control given over to machines will

. be dependant on the flexibility, adaptability, or 1ntelligeuce deulted
'or required of the task., -
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Tablc 6.7.1-1 Remote Control Operator Types ' ‘ .
REMOTE . T \ o T T , MANIPULATIVH
OFERATOR CLASS jTASK - ACTIVITY SKILL LEVEL . | MEKORY SEQSCBY : DEXTERITY
Méddfaétufinéi? Assemﬁi} ‘ReﬁéiitiQe,i Léﬁ ‘ Snali/" ‘ Vision’féﬁch ‘ Task Dep;'“
Asgenbly ‘ Line,,‘: , Routine T Medium. S 'Low DOF .-
Fastening tFixed & | o (Teleauto) S ‘
Ingpection - Structured '
‘ Worksite
Construction'  fon-Site -- ‘| Batch, =~ Mediun Hedium . |Vision/, ' Medium |
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. Fastening o S B . (Supervigory) o o
Malntenance Versétile, One~of-a~kind, Cénuiderable‘ VefyALatge Sensor Fine
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Multl Access Unstructured (Telepres.) Force .
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: , Housekeeping o S N e e
‘{Inforzation Workstation| Data Analysis . | Conoiderable |Very Large |Vision/Touch ' |N/A
Honitor Fault Det. | predicci Training o, Data Fusion
Scheduling  Isolation |- rooicf ons (Arch.) -
- Planning Recovery ‘Advisory :(Supervisory) ;{ﬁf
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Using the steps developed and ehown in Figure 6.7.1-2 and the basic )

) philosophy flow of slowly transferring the human operators physical .

*interactiona and mental capabilitiea from them to machines can he

" {1lustrated through the control environaent. For purposes of this .

"study, the control aystem evolution phase is divided into four major

stages and displayed in Figure 6 7. 2-1._ This figure shows a series of

- ~overlays thot demonstratea the anticipated evolution of’ a. top level
-Acontrol syatem for. the advanced MRMS concept discusaed in Sections

6. 2.3 and 6. 6.1 Each etage in this control -concept is represented by a

different shade of blocks 1a sequential time perinds. A brief discus~ -
sion of each stage is presented below: o

‘Stage 1 - ‘jﬁ,‘; T‘;w L :'~,_ :
" . In the firotrstage,‘dll manipulator actions are based upon controller
'inpdto. Hanipnlator position is a direct function of hand controller

position. The prime nmethod for operator sensing is. through indirect

“vision (1v). Typical hand ‘controllers us sed here include switches, exo-
—*skeleton, and replica types. - ‘

e -

*

VStagez ’ . ) - i ) 7 )
. In the aecond>etage'o£ evolution, additional eensing of workeite activ;;
"‘ity is achieved through force and tdctile‘sennors. The output of. these i- :
:~;l\senaors can be monitored by the operator through graphics displays or ...
"::i directly through the hand controller. In addition, the operator 1s - '”i
:aided by more advanced control laws that incorpordte fo*ce information »’

as well as udapting to load changas, Theee advanced laws fdcilitate

the control of two arus by one or two operators,’

Stage 3

' ~The third stage markn the beginning of the use of intelligent automa-'.
© tion techniquea.' For single segments of a given task the operator ’

will have the capability for initiating a eupervisory mode in which
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the computer haa the responsibility for executing the given task. The -

' domputef'notifigs the operator of task status, exéept:ion or fault con~. S
. ditions, and task;completion. Stereo vision or scanning laser data are
‘ ptdcesged and used in control algorithms to provide range data. \
; Stage 4 G L - o
" In-the final stage of evolution, the operator spscifies a class of
tasks to be ‘performed. The con}putér,‘ plans the task, including order of. .
| activities, tool selection, and exception handling. The operator is
! notified 6n1ylwhen wptkarouhd techniques. fail. Visual data is used to’ )
E A a higher degree in both planning and execution, . ' -
A; . : k3 AL B
! - ; S ORLAY - L
- TINDIVIDUAL - . - _}o- oyrAMICS
: JOINT- - O — ; -
, | CONTROL S .
; LN [ antivaatzane
. . : . TEDAPTINE -
' - HAKD - CCﬂTRBL et
- Lt T I cgﬂmomn o £
ONTROLLER 1 - ,
} CONTROLLER 11 J0InT xrn SERVO ML CHANECAL

T ) U ToRQUE”
' - CTACHLE. [
- : 2 SEusGR
N .-
- \.\K{)\l\i\§_ - 770 VGPERMQRS PRONINITY )
' ' - PRIINITY
. - ;L\\\\\\\\ - 3 DISPLAY “SC“SC‘RS - - .
S L | e
» R - o
| NN | % \\< i CAMERAS .
. A NN \\
orruine | fstearesic] [racrica ] fexec, \&Q\\s:\
PROGRAMMING pLAN._(ER PLANNER CONTROLLR \ \x\\\\\'

Figure 6.7.2-1 Remote Control Automation Enbancement
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Figure 6.7, 2- shows the overall control systen evolution based on a ‘

‘-time—phase consistent with the simple mission nodel. representing assem—
bly and construction trends. As indicated the initial IOC station
.(1991) is expected to use a resolved rate manipulator control system

iwhich is: current technology.f From this point forward integration of

‘performance capability was incorporated into the reference MRMS from

) both a technology * push“, i,e., force feedback hand controller and

also a technology. -pull requirement. For example, the benefit or

’rfeasible application of a force feedback hand- controller to the assem~

- bly ‘and construction tasks has not been “given much support in any of

the ptior related studies. Part of the rationale used dealt with the

problem of time delays for. ground operators and a combination of work—~ L

- ing volume constraints and crew restraints needed for zero gravity by

on—orbit operators. The remaining evolutionary steps follow a logical .

waterfall schedule based on a sequential need priority and a technology

"'build up estimate.

Thio estimate took- into -account a seven year span from the time it was

considered mature on ground to when it should be incorporated in the

station. Also, selected technology in this- overall area is moving

“ahead at a rapid pace and could be available prior to a real need date.’ o
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.6.7.3; Technology,ﬂSSessment . - .
- - A matrix was preparcd usino data developed to’ bound the automation )
e '.' hardware conctpts in Section 6. 6 the control system complexit/ evolu-
R tion concept generated in Section 6 7.2 and the waterfall’ time phase—‘
T estimate presentcd in Figure 6.7.2-2, The intent of this matrix, as..

"sumnarired in Figure 6.7.3-1, was to assess the primary and ancillary
technology drivers needing additional study, research, development and

" verification to warrant implementation as the major piece of large

,l space system'SLSS) assenbly and construction support equipment. The
matrix format conbined the biockrcétegories and terminolegies presented -

»f in Figures 6.7. 2 2 and 6.2 4 -1, - :: - - -
Results of this absesoment “have indicated areaa of key technologies,'
state of the art, level of relevant activity and some of the potential

inpacts on opace station.— - T
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The information in Table 6.7.3-1 was derived from the Research Emphasis o
column of Figure 6.7.3-1 plus other-selected items. )

- . - . - .

Table 6.7.3-1 Ke_;i ACSE T ecfinologies

. |Selected Technology Group

" |Predictive Displays -

) - |[Proximity, Touch & Force Sensors .
{"7_'t ‘ ":> Teleoperations (Remote Control)

. L Advanced Actuators

Low Weight—-Dexterous Arn

E T Dual Arm Coordination

' o Machine Vision (Range & Image Under.) -
; knowledge Based Systems

. ;'i} :" I Expert Systems - . ‘,~;:" ’ b ; fi{. -
[ Special EE & Multi-finger EE .~ | .
Planners,>Strategic & Tactical
Multi System Coordination

N

6.8 AdTOMATION'SUMMiRY" A R

4 L _ R . R B - - . .‘_:..

o 7 .lIn addition to identifying the major, top-level autonomous system° »
j,f - :,3 'fgji‘architecture, and related artificial intelligencc features, and the as-
‘ 7 .sembly and construetion support equipmeut and related_technology imple-
uentatiou; it is important to also consider overall systen implications. .
S 7 1 ’ Those considered in this section included areas offcoumouality amoug'
; the individual support equipment, specific. system functions, processing
"hardware nnd software, areas of overlapping technology, types and
) priorities across a wide spectrum of system elements, and a aummsry N
i;“&, o ; ’development plan to show time phasing and key milestones. A final area
(Zi~} _ assessed vas the forecasting of ' scarb" that should be included into '
o the 10C design:to accommodate future growth.
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Syotem Commonalities

-Several significant areas of commonaiity egist within anticipated ACSE

to support large spécé systems asscmbly in space concepts. Many studies -~

have'been coﬁducréd tﬂat assessed all optioné, ranging from fabricate

on earth and dcploy in space to launch raw materials from ground to-

~orbit and totally construct on orbit. As a result of these studies, a
space station refcrcnce configuration has been established that fabri-

cétes'inhérent deployable sections, i.e., Shuttlc'cargo bay. compatible,

on ground and then assembly of these sections on“orbit with human and
machine support.: Section 6.6.2 of this report has compiled a common
list of generic assembly and construction support equipment (Table

" 6.6. 2-1) that is common to many future satellite systen assembly and -

6.8.2

construction approaches based on the current Space Station reference.

ﬁuch of. the tcchnology required to develop this equipment is common to -
‘two or more of these items. Table 6.8.1-1 shows a matrix that indi-
1cates a cross interaction and results in identification of high use
'technologies and key support equipment that represents a wider range of -

;Space Station functions.. As shown in this matrix technology developed

for items 1 through 5 are applicable to the other items at various

levels of sophisticatlon.

Téchnblog§ Priority-RanRing Process -

“The key technology priority ranking process used here was based.on.a -

simple assessment technique. The emphasis during this part of the - -
assessment was -to compare each technology .discipline against each of
the selected parameters. Due to the vagueness in this area,-and in

some cases a lack of comparison data, the results are intended to show

p rrends rather than exact conclusions. The approach usod in arriving at

the final priority ranking depended on-a combination of evaluation

proccdures that looked at data from the other parallel study- resultu,;
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5) Telepresence Wark Effector {(EVA Analog) olojole |00 e
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-- v+ 12 Portable & Mobile Lighting-Camera Unit olejo olojoe o
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- presented in Table 6 8 ,2-1 that shows a numerical tally of all the in-
. dividual rankings vith the lowest value havin'7 the tap priority. This
‘; was a very quick look approach in that no welghting factors were ap-

1 ent weights might be applied to each comparison parameter.,
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f':other related studies, trends derived during study, initial guidelines, i . :::
iand on the experience/judgment of study participants. An initial - R

:prioritization process used was. to separate the lea"t-preferred fea-rf»fﬂ”

~Hturea from the most-preferred features. A merit of value was asoigned _ ]
>_fiwhere the number "1" indicated the most preferred and went se]uentially ’ S

7“fhigher through to the least prcferred A final priority ranking is

lplied. Each of the nine preference tanking parameters carried the same

,weighting factors, whereas in more comple assessment methods, differ- .
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- PRIORITY zl . - o
~_ RANKING Zi el 8! =1 . g ] £
. " CRITERIA, Z18|-3| 8] & gle =1 5
. SELECTED - TSl 51 5] B u]l =|8 5| 2
. TECHNOLOGY S|El Slol & & 9|r - 54 =
GROUP - El B a|g| 3|2)8]58 2] 2
) Tld|l || o|lajajz 2| 2] &
.. Predictive Displays B ‘9l1]e |22 |8 NA| 3 11§ 3 -
Proximity, Touch & Force Sensors 1wlsls |1 118 1 9 2
: - Teleoperations (Remote Control) - 56l 6l 213 311 4 |10 1-
+Advenced Actuators 6j4) 41416 |11 2 8 6
. Low Weight-Dexterous Arm 7l3]1]s5 |5 o 5 (7] 4
. Dusal Arm Coordination _ - ‘8l2|3|6|7 |6 6 |55
- [Machine Vision (Rangs & Imaga Under.) 31111119 t10 {7 9 - 2 {10
Knowledge Basesi Systems 2187 j10}11]4 7 4 7
' Expert Systems ) 1]10] 9|8 2 8 1.4. 9
 Special EE & Multi-Finger EE 1m|7|8)7 9 1My 6N
" Plannars, Strategic & Tactical 4l9 11 3 10 3 8
' Multi System C;ordination. - N/A ol 12

‘ §.8.3 ‘Dévélopmenf Plan .

The assembly and construction éu;;;io'rt equipment development will be

1consistent with standard aerospace hardware development programs. How-

-ever, éar;y hd;dware development should take édvantage»of the NASA pfo-

toflight concept of early flight testing of systems and subsystems.

Thls reduces the number of test hardware units, reduces the extent of

ground testing, and makes use of the Shuttle test bed concept where

i hardware is tested in a structured space enviroament, then- returned for

post-test ingpections and analyses. With this programmatic philoSOphy,

. 6-117




all subsystems will be divided into manned and unmanned elements where

* The unmanned'elements such as manipulators;»docking'devices, moblile

' evaluations.

After completion of proof of concept and subsystem tests, the various -

7system through Space Station test bed- Shuttle sortie flights, using

MCR 84-1878 - ... .5 .-

November.l984 - '_'é'l)'

manned elements such as the MRMS personnel and material transporters

: -and the MFR (mobile foot restraint). Any item with direct human inter-

‘action or where crew safety could be at issue will reczive more exten—

’/‘sive ground testing to demonstrate flight worthiness.

i transport platforms, lighting aid, alignment package, etcu.fwill ini-

tially be evaluated from the Orbiter payload specialist station with

' the elements being captive within the cargo bay. The Shuttle remote

:manipulator system and EVA manned maneuvering unit will augment these'

- elements will be assembled on a priority step basis (greater system

completity) ‘and ground tested to verify all interfaces. The new ele-»’ ' - .y

’ : ments added into the systen will then be functionally verified as a 7 - S )

task panels‘and structure mockups for operational simulations. This

verification process will ensuré the operational demonstration can be

‘ o »operated efficiently as part of an evolvability growth plan.

" After completion‘of the-flight subsystem tests, the elements will be

assembled and checked to verify all Space Station interfaces. Any -

f»inconsistencies will .be updated and factored into the flight hardwnre'ylfi%,i; .

fabrication cycle.r

”A"summary‘development'and demonstration plan is presented in Figure -

6.8.3-1 that follows the various key techuologies through the major - °
‘fabrication and test cycles. This .plan has been>generated using five
primary phases to the development and demonstration of selected assem—~

bly and construction support equipment (ACSE): l) design study,

- ~2) proof of concept 3) prototype or protoflight units, 4) Shuttle : 'A', o
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"'6 8;3 l Design Studz The ACSE design study will be" conducted over a'_7>»“7>

period of nine months in order to generate the design’ requirements and""'
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flight test bed 5) systems integration, and 6) space flight Operations
verification.' Ench of these phases are discussed in the following
paragraphs. Also, refer to Reference (39) in Appendix A. ‘_7_37 :'>

[
Ll - 7 - R g . A B :
,,_\: “A'“H_ . . - . P .- - N Lo - - . +

specifications for the various items. A significant portion of the

design specifications related to product configuration, useful 1ife,'~

. environmental requirements, quality assurance provisions, and delivery

requirements uill be very similar or identical for all equipment.'

Based on the’ design requirements, common components and subsystems,

T i e., manipulators, mechanisms, etc,, along with _common capsules for

- manned operations would be identified Other outputs of this study

would include a program statement of work, a work breakdown structure
(WBS). and _preliminary cost estimates for the balance of the ACSE

development and demonstration program. An important part of this studyfﬁ"

effort is identification of facilities (labs, support toolc, and
software models). '
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‘development phase. Although materials and processes may -not be
' 'flightworthy, the apace and Shuttle compatible materials will be o
identified during ‘this phase. - Hanufacturing will be conducted in close‘

MCR 84-1878
November 1984 -

" 6.8.3.2 ‘Proof of Conccpt Vodels - This phase is planned for a period :

o£A15 months to develop the preliminary design for the gelected groups

" . of hardware iteme that are categorized as ACSE. Proof of concept o
» :i>hardware uill be fabricated and tested where preliminary evaluations
) arc required. In the cases where scaled nodels will be cost- effective,‘
‘aoidesigo/test aida, thcy will also be uged. This phase will build:on<
'i:the vaut design experience from the NASA manned space projects,
particularly Apollo and Skylab, and the STS. Off-the-shelf components
:will be used where ‘possible to ensure a coat-effective design-

~ liaison with design personnel to reduce design change turnaround.  The .
< test activities wili provide basic parametric data‘such as weigot,
<'i power, volume, operating rates, and efficiencies. - Zero gravity ground
1‘%lsimolb:ion-fgotsfmay bé'pcrformeo osing'the NASA iow'gravity atrcraft -

" and othcr‘simoiationrfaCIIitics; 1f equipment io'compatible. Where
§ opplicable,’soce of the proof-of-concept hardware would be disassemblod

..from the equipmenc>acd used in the next phase of the program.

In addition to" program progress meetings, there are four typical formal

reviewa that ahould be conducted as tequired.

';oi' Syéten Requirpécntn Reviews -~ This review'preseoca the Initial

" -overall systen specifications along with cubsyctem and programmatic jt

.f,speclfications.

rf'lo ‘Prolininary Design Revicps‘-,Thcée reviews ptegeoc preliminary ACSE

‘designs and 1dentify how the design requireﬁents and gpecifications - -

are being met,-

- ,0 Critical Design Reviews ~ Thege reviews present detailed design ofkiﬁ

the -ACSE items and aupporting analyseo for NASA approval prior to -

the start of manufacturing.

6m121
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o  Post Test Reviews - These reviews will present results of the Vf":
various tests--the anomalies and corrective actions.. f
Considerations will be presented for the test planning of the other
‘phases of the program. : :

1j<6 8. 3 3 Protoflight ACSE - This phase fs planned as a 12 to 24 month
"period of perfornance, depending ‘on the specific subsystem, basically

divided into 6 months for design and ~studies, 8 to 16 months for

manufacturing, and 2 months for. ground teating. The studieo in support

erof this phase will. primarily produce the interface control documents
-related to the Orbiter test bed activities and the construction

equipment,ithe stowage and deployed envelopes for the ACQE, and the
definitions of -the ACSE subsystens; The detailed design activity will

,fproduce £flight-type engineering_drawings, supported by_strnctnral and
'thernnl analyees, and failure modes and effects analyses. ‘Sub8ystems

to include power, controls, and communications as defined fron the

previous atudy will be designed for each’ of the ACSE items. lhe

_deeigns must consider common usage hardhare, serviceability, andrr
» maintainability due to the projected nissions for the ACSE,Aformel'

- ‘quality agsurance and test plans will be developed for controlling the

hardvare items.® Preliminary plans will be submittedrforrNASA approval, -

and a process for_renorting,anomalies and thorongh corrective actions,

S will be mutually agreed upon. The ACSE will te fabricated fronm
;fmaterials and with _processes that have been certified as being

‘flightworthy and conpatible with the space and Orbiter environments.

Forzal quality assurance and engineering change controls will be
impoaed to ensure hardware configurations are consistent. Component

procurement for later flight operations WilL require the sace. flight
hardware standarda. ’

]
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:, érbund testing will be performed to,verify the integrity of each ACSE )
Aj item.. The testing would include electromagnetic compatibility (EHC),_'f'
I'vihration and shock, and thermal-vacuunm environments with functional_i
E,opetations'during the thermal¥vacuun tests and hefore ahd»after each .

‘environment. Crew member operations will also be included.

C e e "

:_7In addition to regulatly-scheduled program meetings, formgl reviews to .
_'>include a PDR ‘a CDR, and Post-Test Review will serve the functions as
B previoualy described in paragraph 6.8. 3 2.

'i;6.8.3;4 Shuttle—Test Bed - This phase of the program will be 6 to 9 . -
‘ oonths,ldepending‘on the Shuttle launch schedule and load complement{'>

TherbCSE iten and supporting subayetems will be stowed in the Orbiter

>cargo bay, vetifying the integrity ‘of all interfaces. In the eaee of .
- the Shuttle sortie flights for task board operational verification of .-

.. the. ACSE, the Orbiter payload specialist station - controlo will be
: installed and functionally verified as well.

- Formal reviews will include SRR PDR _CDR, and Poat Tegt Reviews with )
: JSC~personnel. )

6.8. 3 5 SysLem Integration - This phase of the prograa will be 3 to 9

:{Vmonths dutation, depending on Space Station integration simulation .
-:model schedules and availability of cargo bay space. During thia’ ;f}}~-»
”~iperiod ‘the speeific ACSE hardware items will be integrated. with all
" agssociated subsystems and a system end-to-end verification )
; ﬁ-accomplished., The flight readiness review will be. conducted to ensure
f.all related program activities have been successfully completed and

" that no open action items cxist.

" 6-123
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. 6.8.3.6 - §pace Operations - It ia our estimate that a ma jor amount of
'1.activity will take ‘place in the 1985-1995 timeframe to accomplish the

necessary space verifications of each of the ACSE items. The

_;availability of the more complex equipment must be scheduled to permit

i'adequate test/verification time.

_ A-point of reference for space demonstration span times is the Apollo

L Command Module/Lunar Module docking interface. In the case ofithe

. 6.8.4:

»AACSE many of the hardware items will be of comparable complexity and

therefore adequate schedules must be provided.

'Space Station Automation Growth Impacts Onto I0C

n>The‘ovcra11 emphaais of this study 1s to project into the future and -

forecast initial requirements needed to adapt to future.uncertainties.} -

. Thia approach is neceesary‘for a logical evolvability but presents a_ .

" conflict with low front-end progran costs.' However, it has become

increasingly apparent that sequential development, over long

operational periods (approx. 20 years), along with constanly-evelving

. and challenging requirements are most probable. To deal with this

reality requireu a progran design approach that defines, designs, and ;

‘;maintains the overall Space Station with flexibility as a driving

-guideline. One way to provide flexibility 1s to incorporate into the

::i‘ﬁginitial oystem the ability to expand or extend the systen in any’

'Aetc. This should be done in a cost—effective manner that incorporates

a etructured and modular implementation capability. Some of this

capability can. be achleved by including,early in the program design and
build ,"scars” that are compatible with future station modifications and
growth. - A first cut at some of the potential "scars” that are

indicated -in this assessment are shown in Table 6.8.4-1.

. 6-124
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Table 6.8.4-1 Space Station Scarring Projections fof A&C

ACCESSIBILITY:

~ BERTHING:

HARD POINTS:

LABELING: .

- placenment operations.

 MODULARIZATION: -

STOWAGE:

KNOWLEDGE BASE:

TEST PORTS:’

‘materials/parts, etc.

Design access corridors. to allow for growth MRMS and
working envelopes at selected worksites.

‘ Provide. additional berthing/docking ports at’ multiple

locations throughout the Space Station.  As the. program .
matures, the number of free flyers will increase, i.e.,

stowed or crippled.

Design system to have hard" or rest points at worksites.

_ to aid in stabilizing manipulator end effector motion. -
Hard points located at structure nodes provides consider- -

able flexibility to many other A&C activities.

JLabeling,’marRing, or coding of all modules, assemblies, -

and components with viewing access is required for re-

‘Hodular design of all systems and subsystems should be a
" primary Space Station ground rule to accommodate growth,

- gervicing, and updating.
placement interfaces compatible with EVA and manipulators.

Module (ORUs) should have re--

Much of the A&C support equipment, i.e, small tools,
) Look at providing holes in strue~ ~

tural surfaces to accommodate temporary item attachments.
. Also consider for mobility (crawling) :

Establish and maintain a  process for ° ﬂkill“ or "knowl-’

edge” retention where knowledge.and experience of expertsf:
working the Space Station program would codify their ex-.
‘pertise and lessons learmed into inference rules of a-KBS .-

-for future use in an expert system.

Design test ports into the data management system to.
accommodate autonomous checkout and troubleshooting

'capability of a mobile robot or intelligent servicer.

Marking or coding the complete 7
Space Station into 3-D grid is needed for early autono- -
‘mous robots with machine vision, '
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A&C Assembly and Conatruction B
~ _ ACSE- © .~ Assembly and Construction Support Equipment -
. A/D ! . Analog-ro-Digital .
- ADP Automatic Data Processing
- A Artificial Intelligence : .
- AL "r- " Alrlock (Module) - . YV~ R
° "ARE’ . Adr Revitalization, Equipmcnt o e
-.ASE" " .. " Airlock Support Equipment I ST
_ ATV - Autonomous Transport Vehicle -:
- "BAC.- " 7. Boeing Aerospace Company - _
- BIU - Bus Interface Unit
c&D ~ Control and Display . N
CDR - Critical Design Review . . L
CE Common Equipment - i . . -
CG Center of Gravity ) o
cot Control - S .
CeC . Conputer Program Component - N ’
CPCI _ Computer Program Configuration- Item - . oL L g
CsSI f,California Space Institute e
DBMS ; 'jData Base Management Syatem o T
Dc- - - Direct Current . TR T T T e )
) B . Data Managenent I T L - -
DMS - Data Management-System - - - - _ .. . . .ol e
DOD Department of Defenge 77 7 - T - - i -
* -t DOF ¢ - Degrees of'Freedom . e IR
- ECLS(S)" ‘tEuvironmental Control and Life Support (System)' ‘ L
“TEMC . Electromagnetic Compatibility : S -
" EP : - Electrical Propulsion : I - : S -
EPGS | . -~ Electrical Power Generation System N B}
EVA ©. . Extravehicular Activity - :
- -"FCC.. . Federal Communications Commission -
- FOC -~ - Final Operational Configuration .
FSS Flight Support Structure
GE General Electric . ’ ]
~GEO - . Geosynchronous - (Geostationary) Earth Orbit -
-GHZ -Gigahertz - :
GN&C - Guidance, havigation and Control
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-+ . OCSE - .-. - Orbital-Construction Support Equipment ° *
: . ODDNET . - Optical Data Distribution Network - 1
oMV . .Orbital Maneuvering Vehicle- - i i
i . ORU- orbital Replacement Unit H
N - o : Operator System Interface - - i
N 0TV } Orbital Transfer Vehicle - _ ) :
; PDR. Prelininary Design Review I i
.- . R&D Research & Development : &
- . RFI - - Radio Frequency Interferance 1
i . 7 RH .. - Relative Humidity '
Co~ T+ . .- RMS . Remote Manipulator System B
;- - R& - - Resupply and Storage .
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I - sDP " ‘Standard Data Processor IR ) 1.
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